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CHAPTER 1 INTRODUCTION 
INTRODUCTION 
The tracheophytes possess a specialized conducting system. It includes four phyla of the 
plant kingdom namely, Psilopsida (chiefly fossils), Lycopsida (club mosses), Sphenopsida 
(horsetails) and Pteropsida (ferns, gymnosperms and angiosperms). 
The angiosperms represent the most recently evolved group of plants. Angiosperms have a 
highly evolved body that bears signs of structural and functional specialization expressed in 
the differentiation of their body, externally into organs and, internally into various 
categories of cells. The arrangement of tissues in the plant as a whole and its major organs 
reveals a definite structural and functional organization. Tissues concerned with conduction 
of food and water-the vascular tissues-form a coherent system extending continuously 
through each organ and the entire plant. These tissues connect places of water intake and 
food synthesis with regions of growth, development and storage. The non-vascular tissues 
are similarly continuous and their arrangements are indicative of specific inter-relations and 
of specialized functions (Esau, 1965; Esau and Rinehart, 1965 and Fahn, 1997). 
Most of the tropical trees, unlike temperate ones, do not exhibit a sharply rhythmic and 
cyclic pattern of growth. Instead, because of the prolonged favourable climate conditions 
prevalent in tropical regions, they generally grow in multiple flushes, intermittently, or in 
some cases even continuously throughout the year. Close correlation between apical and 
radial growth exist in both temperate and tropical taxa. In most dicotyledons and 
gymnosperms, stem continue to grow in thickness even after they have ceased to elongate 
and therefore, the older the stem, the greater its circumference. This increase in thickness is 
due to the regular addition of secondary tissues (phloem and xylem) to the plant axis. These 
tissues originate from the vascular cambium. It develops from provascular elements 
between phloem and xylem of primary vascular system forming a continuous sheath about > 
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the xylem core of stem and roots, and extending in the form of strips into leaves, if they 
have secondary growth. In a three dimensional view, the cambium is a continuous 
Z' 
cylindrical sheath about the xylem. 
In most of the plants the cambium is reported to exhibit successive active and dormant 
phases during a calendar year with a few exceptions of tropical species in which 
•"> 
meristematic activity continuous throughout the year. This specific behaviour of the 
cambium is believed to be regulated by several internal and external factors which include 
heredity constitution, physiological phenomena and environmental condition of the habitat 
(Philipson et al, 197\, Larson 1994, Iqbal 1994 and Grotta et ai, 2005). The vascular 
cambium, defined as a lateral meristem composed of fusiform and ray initials producing 
vascular tissue, evolved several times in the early history of vascular plants. 
A number of conflicting views are held on the nature of cambium. The cambial zone 
normally consists of an unbroken cylinder of meristematic cells, the fusiform and ray 
initials, arranged in radial files. These files extend into the mature secondary tissues where 
they may become obscured by changes that occur with differentiation. Dividing cells close 
to the mature phloem form phloem mother cells while those contiguous to xylem act as the 
xylem mother cells. The transition in cell type and activity through the cambial zone is 
gradual, particularly in the active cambium of dicotyledons, and in practice it is difficult to 
define the radial extent of the true cambium. 
The concept of multiseriate cambium may or may not include reference to a single 
permanent initial with in each radial file of cells. One school of thought postulates a 
multiseriate zone in which all the cells are equally endowed with the multiplication 
capacity. This view, proposed by Raatz (1892) has been strongly supported by Catesson 
(1964). The other one and, of course, the most axiomatic interpretation of the cambium 
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pleads for the existence of a single initial cell in each radial file of cambial cells which 
ultimately makes for the origination of all the cambial derivatives. Such an initial lies some 
where between the phloem and xylem mother cells. This view mainly put forth by Bannan 
(1955, 1968) and Newman (1956) has been convincingly substantiated by the ultra 
structural studies of Mahmood (1968) and Murmanis (1970) pertaining to the tangential 
wall characteristics. Despite the difficulty in distinguishing the actual initials in the actively 
dividing cambial zone, a group of workers restricts the use of the term cambium to the 
initials only. Such an interpretation often used in American literature (Wilson et al, 1966, 
Zimmermann and Brown 1971) defines the cambium to be functionally uniseriate layer 
between actively dividing xylem and phloem cells. In the present study, the cambium has 
been considered as a multiseriate zone of periclinically dividing cells lying between the 
differentiating phloem and xylem with a distinct initial capable of both periclinal and 
anticlinal divisions lying somewhere with in each radial file of cells (Butterfield 1975). 
Inspite of the fact that Indian sub-continent encompasses one of richest floras of tropical 
trees; information on tree growth is insufficient. A limited number of such trees have so far 
been explored with respect to the behaviour of vascular cambium and production of vascular 
tissues. Further, most of the studies carried out in the past, lack proper statistical analysis. 
Much, therefore, remains to be known about the patterns of radial growth in Indian tropical 
trees and cellular organization, with age and varying climatic conditions. 
A survey of literature on tropical and subtropical trees has revealed that the vascular 
cambium and its periodic behaviour have been worked out in some selected species. 
Deshpande (1967) in Tilia americana, Paliwal and Prasad (1970) in Dalbergia sissoo, Rao 
(1972) in Hevea brasiliensis, Ghouse and Yunus (1973) in Dalbergia sissoo, Ghouse and 
Yunus (1974a) in Dalbergia, Lu and Chiang (1975) in Liquidambar formosana, Ghouse and 
Iqbal (1975) in Acacia and Prosopis species, Paliwal et al., (1975) in Polyalthia longifolia, 
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Ghouse and Yunus (1976a) in Leguminous trees, Chiang (1976) in Isoetes taiwanensis, 
Ghouse and Iqbal (1977) in Prosopis spicigera, Iqbal and Ghouse (1979) in Prosopis 
spicigera, Iqbal (1979) in Acacia nilotica var.telia and Prosopis spicigera, Khan et ai, 
(1980) in Eucalyptus species, (1982) in Jasminum species and (1983) in Citrus sinensis, 
Iqbal and Ghouse (1983) in Acacia nilotica var.telia and Prosopis spicigera, Siddiqui 
(1983) in Ficus religiosa and F. infectoria, Rao and Dave (1981) in Tectona grandis, 
(1983a) in T. grandis & Gmelina arborea, (1983b) in T. grandis and (1984) in Holoptelea 
integrifolia. Khan (1984) in Bombax malabaricum, Iqbal and Ghouse (1987) in A. nilotica, 
Ajmal and Iqbal (1992) in Ficus rumphii, Paliwal and Paliwal (1992) in Rhododendron 
arboreum, Rao et al., (1996) in Bombax ceiba, Zhang et ai, (1992) in Pterocarya 
stenoptera, Kerria yunnannensis, (1994) in Dalbergia species and (1997) in tannic plants, 
Priya and Bhat (1999) in T. grandis, Jorge et al, (2000) in Eucalyptus globulus, Rao and 
Rajput (2000) in Acacia nilotica, Quilho et ai, (2000) in E. globulus, Mahmood (2001) in 
Alstonia scholaris, Emblica officinalis and Putranjiva roxburghii. Khan (2001) in 
Jacaranda mimosaefolia, Pterospermum acerifolium and Terminalia arjuna, Rao and 
Rajput (2001a) in A. nilotica, Rao and Rajput (2001b) in Azadirachta indica, Paliwal et al., 
(2002) in Haldina cordifolia, Rensing and Samuel (2004) in Pinus contorta, Grotta et al, 
(2005) in Douglas-fir and Venugopal and Liangkuwang (2007) in Dillenia indica. 
Infact no information is so far available with regard to the cambial activity and formation of 
its derivatives in Anthocephalus cadamba (Roxb.) Miq and Madhuca indica J.F. Gmel. 
and although both are of utmost commercial importance. 
The present study mainly comprises of the following aspects: 
1. Formation of vascular cambium and its derivatives i.e., phloem and xylem. 
2. Ontogenetic changes in the structure of cambium and its derivatives. 
3. Seasonal changes in the structure of cambium and its derivatives. 
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4. Periodicity of cambium and the production of its derivatives. 
5. Statistical analysis of the observations recorded on varying parameters. 
General information regarding the species selected for present project of research. 





Common name Common bur-flower 
Description 
Anthocephalus cadamba is a large tree with a broad crown and straight cylindrical bole. The 
tree may reach a height of 45m with trunk diameter of 100-160cm. The tree sometimes has 
small buttresses and a broad crown. The bark is grey, smooth in young trees, rough and 
longitudinally fissured in old trees. Leaves, glossy green, opposite, simple, more or less 
sessile to petiolate, ovate to elliptical (15-50 x 8-25). Inflorescence in clusters; terminal 
globose heads without bracteoles, subsessile, fragrant, orange or yellow flowers. Flowers 
bisexual, 5- merous, calyx tube funnel shaped, corolla gamopetalous saucer shaped with a 
narrow tube, the narrow lobes imbricate in bud. Stamens 5, inserted on the corolla tube, 
filaments short, anthers basifixed. Ovary inferior, bi-locular, sometimes 4-locular in the 
upper part, style exserted and a spindle shaped stigma. Fruitlets numerous with their upper 
parts containing 4 hollow or solid structures. Seed trigonal or irregularly shaped. Flowering 
commences from December to July and fruit ripens during October and November. 
Distribution 
The tree is frequently found in moist, warm type of deci(iuous and evergreen forests. About 
three species occur in India. It is found in the sub-Himalayan tracts from Nepal eastwards 
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on the lower hills in Chota Nagpur (Bihar), Orissa, Dehradun and Andhra Pradesh, in 
Karnataka and Kerala on the west coast, and the Western Ghats. In the Andaman's, it is very 
common in the damp places along large streams. It is also frequently cultivated for 
ornament, and as a shade-tree in plantations throughout the country. 
Economic Importance 
Food 
The fruit and inflorescences are reportedly edible. The ripe fruit is acidic and pleasantly 
flavoured, and is eaten, both raw and cooked, though suspected to have a bad effect on 
digestion. However, the fruit juice along with cumin and sugar is given to children in gastric 
irritability. The fruit is cooling and it is said to destroy the phlegm and impurities of blood 
when eaten. The juice is given in fever with persistent thirst. The fruit is also relished by 
animals. The flowers are used as vegetable. 
• Fodder 
The fresh leaves are fed to cattle. Decoction of leaves is used as a gargle in case of apthae 
and stomatis. 
Timber 
Sap wood white with a light yellow tinge become creamy yellow on exposure; not clearly 
differentiated from the heart wood. The wood has a density of 290-560 kg/cum at 15% 
moisture content, a fine to medium texture; straight grain; low luster and has no 
characteristic odour to taste. It is easy to work with hand and machine tools, cuts cleanly, 
gives a very good surface and is easy to nail. However, the wood is rated as non-durable 
^graveyard tests in Indonesia show an average life in contact with the ground of less than 1.5 
years. The timber air dries rapidly with little or no degrades. Kadam wood is very easy to 
preserve using either open tank or pressure- vacuum systems. The timber is used for ply 
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wood, light construction, paper and pulp, boxes and crates, furniture components. Kadam 
yields a pulp of satisfactory brightness and performance as a hand sheet. The wood can be 
easily impregnated with synthetic resins to increase its density and compressive strength. 
Kadam is becoming one of the most frequently planted trees in the tropics. 
Tannin or Dye Stuff 
A yellow dye can be obtained from the root bark. 
Essential oil 
Kadamb flowers are important raw materials in the production of "attar" which are Indian 
perfumes with sandal wood {Santalum spp.) base in which one of the essences is absorbed 
through hydro-distillation. 
Poison 
The flowers exhibit slight anti-implantation activity in test animals. Kadam extracts exhibit 
nematicidal effects on Meloidogyne incognita. 
Medicine 
The dried bark is used to relieve fever and as a tonic. An extract of leaves serves as mouth 
gargle. Chlorogenic acid, isolated from the leaves of A. cadamba screened for 
hepatoprotective activity in vitro and in vivo inhibited lipid peroxidation in liver 
microsomes (Kapil e/a/., 1995). 
Shade and Shelter 
The tree is grown along avenues, road sides and villages for shade. 
Reclamation and Soil Improver 
A. cadamba is suitable for reforestation programmes. Sheds large amount of leaf and non-
leaf litter which on decomposition improve physical and chemical properties of soil under 
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its canopy. 
Ornamental 
Kadam is suitable for ornamental use. 
Other services 
The tree is highly regarded religiously and culturally in India, and is sacred to the "Lord 
. Krishna." The fresh leaves are sometimes used as serviettes or plates. 





Common name Butter tree 
Description 
A medium-sized to large deciduous tree, usually with a short bole and large rounded crown, 
found through out the greater part of India up to an altitude of 1200m. Bark dark coloured, 
cracked; leaves clustered near ends of branches, elliptic-oblong, 7.5-23cm x 3.8-li.5cm, 
coriaceous, pubescent when young, almost glabrous when mature. Flowers in dense 
fascicles near ends of branches, many, small; calyx coriaceous; corolla tubular, fleshy, 
cream coloured (1.5cm. long), scented, caduceus; berries ovoid, up to 5cm. long greenish 
turning reddish yellow or orange when ripe; seeds 1-4, brown, ovoid, shining, 2.5-3.75cm, 
long. Flowering from March to April and fruit ripens during May and June. 
Distribution 
Madhuca indica is found in mixed deciduous forests, usually of a somewhat dry type, often 
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growing on rocky and sandy soil and thriving on the Deccan trap. About four species occur 
in India. It is common throughout Central India, Uttar Pradesh, Andhra Pradesh, Dehradun 
and Gujarat and in the drier type of Sal forest in Madhya Pradesh but more abundant 
eastwards in the submontane forest tract of Rohilkhand and also in Bundelkhand. 
Economic Importance 
Mahua seed 
Madhuca indica are valued for their seeds which yield fatty oil known in commerce as 
Mahua butter\ Mahua fat. This is also known as Illipi butter which caused some confusion 
as the internationally traded and highly valued confectionary fat, derived from shorea 
stenopiter is also known as illipi. As per an estimate, the total potentiality of Mahua seed is 
about 5 lakh|' tones. The highest Mahua seed producing states are U.P., Bihar, Madhya 
Pradesh, Kerala, Gujarat and Orissa. 
Mahua Flower 
The corollas of mahua flowers commonly called as mahua flower are edible and form an 9 
either raw or cooked and for making of syrups for medicinal use. They are also used widely 
for production of country liquor. 
Mahua oil 
Historically mahua has been the single largest indigenous source of natural hard fat in the 
soap manufacturing while it also finds use as such and in refined form for edible purposes. 
The quality of oil expressed from the seed depends largely on the conditions under which 
they have been stored. The oil from fresh seeds has an acidic value as lows'as 3.5 while the 
acid value of oil obtained from old and badly stored seeds may be as high as 60. 
Chapter 1 Introduction 
Uses of Mahua oil: 
1. Manufacturing of soaps particularly laundry soaps. 
2. As edible oil in a small quantity by tribals. 
3. Refined oil finds use in the manufacturing of the lubricating grease and fatty alcohol. 
• 4. Refined oil is used in edible purpose for blending in vanaspati up to 5%. 
5. Manufacturing of candles, as bathing oil in jute industry, as a smoothing agent for 
spinning in woollen mills. 
6. For production of stearic acid. 
7. Mahua oil has emollient properties and is used in skin diseases. It is also a laxative <; 
and constipation, piles and haemorrhoids and as an emetic. 
8. Tribal's also used it as an illuminant and hair fixer. 
Mahua cake 
Mahua cake contains 0.46% of a toxic and bitter saponin, mowrin which possess a digitalis 
like action on the heart and also haemolytic action. The presence of saponin renders the 
cake unfit for use as animal feed. It is used as manure either alone or in mixture with other 
cakes. Mahua cakes possess insecticidal property. It is also used along with shikakai (Acacia 
concinna) as hair wash. 
Mahua wood 
Wood is refractory and liable to split and crack. The wood is durable; graveyard tests show 
an average life of 10-15 years. The wood is used for building purposes as beams, door and 
window frames. It is used for carriages, furniture, sports goods, musical instruments and 
bridges construction. 
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CHAPTER 2 GEOGRAPHICAL SET-UP 
2.1 Study area 
Aligarh is one of the seventy one districts of Uttar Pradesh (North India), at a distance of 
about 126 km from India's capital New Delhi. The district of Aligarh spreads from 27°88N 
latitude to 78°08'E longitude at an elevation of 178m. The greatest width from west to east is 
about 116km and the maximum length from north to south is about 72km and forms part of 
the fertile Ganga-Yamuna 'Doab'. The district spreads over 4023 square kilometers and this 
area varies slightly from year to year due to the changing courses of river Ganga and 
Yamuna. River Ganga separates the district from Budaun for a few kilometers in the 
northeast while river Yamuna constitutes the dividing line in the North West between 
Aligarh and Gurgaon district of the state of Haryana to the north, the boundary is formed by 
Anupshahar and IJChurja tehsils of district Bulandshahar. On the west and south west lie 
Chatta, Mat and Sadabad tehsils of Mathura district while in the southeast and east the 
boundary is formed by Jalesar, Etah and Kasganj tehsils of Etah district (Fig.2.1). 
2.2 Structure and relief 
Aligarh district lies in an extensive alluvial plain formed by the deposition of alluvium in a 
fore deep. The plain in Aligarh district, like a true representative of the Gangetic plain, is 
generally level with imperceptible slope from north to south. It is remarkably homogeneous 
in character but at some places ridges alternated by depressions are found especially in the 
western part of the district. These ridges are mostly seen in Khair and Iglas tehsils. There is 
an imperceptible large depression in the centre of the district, which in the north is narrow 
but gets wider towards the south and eventually passes in to the adjoining district of Etah. 
This depression is characterized by the presence of clayey soils with imperfect natural 
drainage and as a result of this the area is dotted with numerous Jhils (lakes) and is 
characterized by the presence of usar patches with reh deposits. On both sides of this 
depression, there is higher ground. The western higher ground occupies a tract of 
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considerable size containing soils which are lighter and fertile. In the east, the higher ground 
again descends in to slight depression formed by the river Kali nadi. These depressions have 
been formed as a result of fluvial action coupled with that of strong westerly winds. A close 
look at the topography of the district reveals that it has a shallow through of sauce-pan-
shape. 
2.3 Climate 
Aligarh district experiences tropical monsoon climate characterized by two extreme 
conditions of severe cold in winter and oppressive heat in summer with a rainy season in 
between. The character of the climate is similar to that prevalent in the western part of Uttar 
Pradesh. The district is affected by the northeast and southwest monsoon in a year. Based on 
these two monsoons winds, the Indian meteorological department has divided the year into 
four seasons. 
1. Cold weather season (December- February). 
2. Hot weather season (March-Mid June). 
3. Season of general rains (Mid June- Mid September). 
4. Season of retreating monsoon (Mid September- November). 
1. Cold weather season 
The pievalence of cold and dry air is the main characteristics feature of this season. Sky is 
generally clear and cloud cover rarely exceeds two tenth. The weather is fine, temperature 
and humidity both are very low. During this season, the temperature falls and pressure rises 
as a result of which a high temperature belt develops over north India. 
The beginning of the season is marked by a considerable fall in temperature. The mean 
monthly maximum temperature varies from 17.2°C to 23.2°C in November and it falls 
during December and varies from 14.8°C to 16.2°C. The temperature experiences a further 
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decrease in January when the average comes down to 10.6°C. As compared to January, 
temperature starts rising from February and its average vary from 15.7°C to 18.6°C (Fig.2.2, 
2.3&2.4). The direction of prevailing winds during the season is normally from west and 
northwest to east and southeast. The winds during the winter season are light and generally 
blow at an average speed of about 3.2km\hr. Winds are mostly dry owing to their 
continental origin. 
The rainfall in winter months is very low and irregular. This rain is brought by the western 
depressions originating in the north of Atlantic and proceeding eastwards with the prevailing 
westerlies. The average rainfall in Aligarh, caused by these disturbances, is varied from 0.0 
to 94.4mm from December to February. Hailstorms, sometimes accompanied by cold 
weather storm and frost also occur occasionally. With these few exceptions, generally the 
weather in the winter season is pleasant. By the end of February the sun moves northward as 
a result of which the temperature rapidly rises and hot weather season sets in by March 
(Fig.2.2, 2.3&2.4). 
2. The Hot Weather Season 
This season begins with a rise in temperature and decrease in pressure. The maximum 
average temperature in March is about 22.3°C, while the minimum temperature is 12.4°C. 
The maximum and minimum temperature continues to rise through April until the highest 
temperature of the year is recorded in the month of May and June. The temperature of May 
and June goes up as high as 43 °C or 44°C and even more than 46°C for days in both the 
months. The average maximum and minimum temperature is found varying from 39.3°C to 
3 r C and 20.1°C to 29.8°C. The days during these months are characterized by intense heat, 
dry air and low relative humidity. The diurnal range of temperature is quite high due to 
which the days are warm and hot but nights are pleasant (Fig. 2.2, 2.3&2.4). 
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The hot and dry winds which blow with great velocity are a regular phenomenon. These 
winds are characteristic of this season and are locally known as "loo". The velocity of winds 
increases from 5.5km\hr. in March to maximum of 70.5km\hr in June. These winds are 
usually calm during the night hours, but from 8.00a.m. to 1 or 2p.m., the velocity increases 
rapidly and during the next 2 or 3hrs it blows almost with the force of a gale, after which it 
again falls very rapidly until 6p.m. when it is light and nearly calm. The humidity is lowest 
in these months, occasionally falling to 24.4% (Fig. 2.2, 2.3&2.4). 
A peculiar phenomenon of this season is the occurrence of dust thunderstorms which are 
locally known as "andhis". They are caused by the conventional movements of air, and are 
strongest. The frequency and strength of these storms increases with the advancement of 
season. During the period of May and early June they are more frequent and sometimes 
move at a speed of 48 to 64km\hr. These storms are short lived and sometimes they cause 
rains with winds, thunder and blinding dust. However, it brings an appreciable decrease in 
the temperature. The air becomes cold and one gets temporary relief from the oppressive 
heat. No rainfall, except for a small amount accompanied by the thunderstorms, makes 
drought situation severe during this season. 
3. The Season of General Rains 
By the middle of June, changes occur in the weather phenomenon. Due to excessive heat in 
summer months, a low pressure area develops in the north western India and by the middle 
of June it brings a complete reversal in the air movements. The atmospheric pressure 
continues to decrease till the first week of June when it is lowest and the winds start to move 
from sea towards land. With the arrival of humid oceanic currents in July to August, the 
mean temperature goes down up to 32.9°C in July. The relative humidity increases from 
38.9% to 87.3% during June, July and August. The rainy season is characterized by overcast 
Chapter 2 Geographical set-up ^^ 
sky having an average cloud cover about seven tenth in July which rarely exceeds two tenth 
during the summer months (Fig. 2.2, 2.3&2.4). 
The time of the onset and retreat of monsoons varies from year to year. Generally, the rains 
set in by the end of June or by the first week of July and continue till the end of September 
or by the first of October. July and August are the rainy months and having average rainfall 
varying from 157.05mm in 2005, 192.3mm in 2006, and 235mm in 2007 respectively but in 
September there is a marked decrease in rainfall. The average rainfall during September of 
2005, 2006 and 2007 is 65.48mm. The incidence of rainfall is not continuous throughout the 
season but it takes place in brief spells of cloud burst and usually two to three days of 
continuous rain followed by an interval of a week or so when there is almost no rain. The 
decreasing trend of rains in September gradually ceases by the end of this month or early 
October (Fig. 2.2, 2.3&2.4). 
4. The Season of Retreating Monsoon 
The southwest monsoon ends by September or from the beginning of October. Usually this 
monsoon retreats gradually and September has hot and sticky weather with a distinct rise in 
temperature which however, comes down by the end of October. The intensity of monsoon 
now decreases and rainless intervals become longer. The retreat of monsoon takes place by 
a series of intermittent rains and dry weather. With the recession of monsoon, the 
precipitation falls <md weather becomes dry and warm. During this period, the sky is clear 
and relative humidity falls to 55.3%. The precipitation in October is sometimes nil and 
cloud cover rarely exceeds one-tenth. Sunshine due to clear sky causes a slight increase in 
the day temperature but the temperature in the night decreases slightly because of the 
dryness of air. However, by the end of October the humid oceanic currents are replaced by 
the dry continental air. 
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Fig.2.3: Mean monthly temperature, humidity and rainfall in the year 2006. 
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Thus, it is a season when southwest monsoon retreat yielding place to northeast monsoons. 
This period may be considered as the period of transition between the hot wet weather and 
cool dry weather. The temperature during this season is uniformly high in the beginning of 
October but by November it begins to decrease more sharply and a cool weather sets in by 
December with temperature around 14.8°C to 16.2°C (Fig. 2.2, 2.3&2.4). 
2.4 Vegetation 
The Aligarh district lies in the subtropical belt having deciduous type of vegetation. This 
district was once covered by dhak jungles which have been cleared for cultivation purpose. 
A certain amount of dhak jungles however are still found scattered in patches in the clayey 
and usar tracts in the khadar of Ganga, there is a considerable extent of tamarisk (Tamarix 
dioica), an evergreen shrub on the more recent alluvium of the rivers. In the khaddar of 
Yamuna, there is a narrow belt of tamarisk which is followed by broad stretches of waste 
covered with that clung grass. The eastern part of the district has more trees than the western 
part. 
2.5 Type of soils 
The soils in general differ greatly in texture and consistency, ranging from sandy through 
loams and silts to heavy clay. They change in texture from sandy along the river Ganga in 
the east to sandy loam and then the clayey loam in the middle of the district. Further, 
westward, the reverse order of texture is seen from clay loam in the middle, through a sandy 
loam to finally a sandy bed along the river yamuna. Variation in texture, chemical 
composition and consistency of the soil character has forced pedalogists to follow different 
classification to suit their purpose. 
Six categories of soils are: 
1. Ganga Khadar 
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2. Eastern upland 
3. Central lowland 
4. Western upland 
5. Yamuna Khadar 
6. Trans Yamuna Khadar 
A simple and functionally useful classification is however presented by four types of the 
soils in the district. 
1. Younger Alluvial soils 
2. Calcareous Alluvial soils 
3. Saline and Alkali soils 
4. Older Alluvium 
1. Younger Alluvial soils 
These soils occupy narrow belts in the eastern corner along the river Ganga and the western 
comer along the river Yamuna. These tracts are flooded every year and thus regularly 
receive new deposits of silt and sand. They are not mature and the profile shows many 
layers of younger alluvium. These soils are light grey to dark grey in colour and sandy to 
silty loam in texture. The water table is high and usually present near the surface. The 
drainage in soil is therefore imperfect, restricted and poor. During the summer months wide 
spread salt efflorescence may be seen on the surface. The soils are saline in nature and 
alkaline in reaction. Agriculturally, the soils are not well developed because of floods, water 
logging and saline efflorescence but cultivation is possible. Most of the land is devoted to 
the cultivation of salt tolerant crops such as sugarcane, paddy etc. 
2. Calcareous Alluvial soils 
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These soils are found in Iglas tehsil, Mursan block, Atrauli and Gangiri block of Atrauli 
tehsil. In Iglas tehsil, they extend over mainly the Gonad block. In Atrauli tehsil they occupy 
narrow belts in the western part of Atrauli and Gangiri blocks, along the course of Kali nadi. 
In Iglas block they are found in the southwestern part, while in Mursan block found in 
western, eastern and southern part. The texture of such soils varies from sandy to sandy 
loam. Small sandy ridges are also seen especially in Iglas tehsil. These soils are poor in 
organic matter and other plant nutrients. They are rich in calcium carbonate because of 
which they are called as calcareous alluvial soils. For agricultural purpose, they are not good 
soils due to their poor organic matter, sandy nature and presence of soluble salts. These soils 
are mainly suitable for forestry and grazing. 
3. Saline and alkali soils 
Owing to imperfect draining, the district contains vast areas of saline and alkali soil having a 
pH value of above 8.5. Such soils are widely distributed in Sikandra rao and Koil tehsils and 
in some parts of Khair and Iglas tehsils. The texture of these soils varies from loam to 
clayey loam during the rainy season the soil remains submerged and becomes impermeable 
when it finally dries up. These poor soils cannot be utilized without reclamation and proper 
management. At some places, where the intensity of salt is low, some salt tolerant grasses 
and crops such as paddy, barley and sugarcane are cultivated but the yields remain very low. 
4. Older Alluvium 
Older alluviimi covers large parts of the district. Its soil profile is mature and the texture 
varies from good quality loam to sandy loam. It is a good, deep, well-drained, and neutral to 
slightly acidic soil and can be easily ploughed and cultivated. The soil is very fertile and 
infact some of the highest yields in the districts are obtained from this soil. The main crops 
obtained from these lands are Jowar, Bajra, Maize, barley and wheat. 
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CHAPTER 3 MATERIALS AND METHODS 
3.1 Selection and collection 
To study the cambial activity and production of secondary phloem and xylem, 24 normal 40 
year old trees of each species were selected from the local plantation. Cambial samples in the 
form of 2cm square size, were collected together with the bark and some sap wood with the 
help of a chisel and hammer. Later samples were excised from the southern side of the main 
trunks at approximately 1.5 meters from the ground level, at fortnightly intervals for the period 
of three consecutive calendar years (2005, 2006 & 2007). Samples were collected from three 
trees on each turn. The next set of samples was collected from same set of trees at least after 
three months. Care was taken to collect the samples at least 10 inches away from the wounded 
spot, when the trees were used for the second or third times. 
To study the ontogenetic changes in cambium and its derivatives, five trees of approximately 40 
years old of comparable size and vigour, were selected for each species. According to the 
thickness, samples of bark with intact wood were collected as described above, at different 
height levels from the base of each individual. These collections were made only once during 
the study period that is in 2005. 
3.2 Fixation and Preservation 
Samples collected were fixed on the spot in F.A.A. (formalin -aceto-alcohol) and after 72 hours 
duration preserved in 70% alcohol. To follow the seasonal and developmental changes in 
structure, samples were sectioned on a Reichert's sliding microtome, at thickness of 12-20 i^m 
in transverse, tangential and radial longitudinal planes. Sections obtained were stained in 
different combination of stains and mounted in Canada balsam after dehydration in ethanol 
series. 
3.3 Stains used 
Following stains were used alone and in combination depending upon the purpose of the study: 
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A) For the study of bark and wood: 
(i) Heidenhain's Hematoxylin-Safranin (Johansen, 1940). 
(ii) Heidenhain's Hematoxylin-Bismark brown (Johansen, 1940). 
(iii) Tannic acid- Ferric Chloride-Lacmoid (Cheadle et ai, 1953). 
B) For the study of cambium: 
(i) Heidenhain's Hematoxylin. 
(ii) Tannic acid- Ferric Chloride (Foster, 1934). 
In addition to the above, 2% aqueous iodine for starch (Sass, 1958) and 1% astra blue for 
macerated sieve elements were also used. 
3.4 Maceration 
For the maceration of phloem cells, especially sieve- tube elements and phloem fibres, bark 
samples were cut into approximately 1mm thick tangential slices which were separately treated 
with 5% sodium hydroxide (NaOH) solution at 45-50°C. The treatment was continued until the 
cells of the slices became loose enough to be separated on a glass slide either by teasing with 
fine needles or by tapping gently over the cover slip after mounting in 5% glycerine (Ghouse et 
al, 191 A). The slices were then washed and stained. Safranin and Bismark brown was used for 
staining phloem fibres and astra blue (1% aqueous solution) or aqueous lacmoid solution for 
sieve-tube elements. 
To study the ontogenetic and morphological details of different components of xylem, samples 
were taken from varying heights of the stem axis and of varying seasons. Samples were treated 
with concentrated HNO3 added with an amount of potassium chlorate to accelerate the 
maceration process. The partially macerated slices were neutralized with NaOH and stained 
with safranin or bismark. The different components were separated by mechanical means using 
a pair of needles or applying slight pressure over the cover slip after mounting in 5% glycerine. 
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3,5 For starch detection 
To study the seasonal fluctuations in starch content of cambial cells and its derivative tissues 
(phloem and xylem) fresh blocks of material were used. They were sectioned on a sliding 
microtome at a thickness of 20-25|im in transverse, tangential and radial longitudinal planes. 
These sections were treated with 2% aqueous iodine-potassium- iodide solution for localization 
and quantitative estimation of starch (Johansen, 1940). 
3.6 For tannin detection 
To study the seasonal fluctuations in tannin content of cambial cells and its derivative tissues 
(phloem and xylem) fresh materials were used. They were sectioned on a sliding microtome at a 
thickness of 20-25nm in transverse, tangential and radiai longitudinal planes. These sections 
were treated with 10% aqueous ferric chloride plus a little sodium carbonate solution (Johansen, 
1940). 
3.7 Quantitative estimation of the tissue 
The relative proportion of different types of elements was determined on the basis of the area 
occupied by the respective elements. This was calculated by the method described by Ghouse 
and Iqbal (1975). The procedure involved Camera lucida drawing of different components of 
xylem and phloem in tangential sections on tracing paper of uniform thickness in 20 random 
replicates, removal of portions of the paper bearing drawings of anyone type of component and 
then weighing of the two isolated lots of the paper cuttings separately on a sensitive 
micro-balance. The ratio of one type of element to the other on per unit area basis was then 
calculated (Ghouse and Iqbal, 1975&1978). 
3.8 Measurements 
From each sample, 500 elements, macerated or sectioned, were measured on random basis with 
the help of an ocular micrometer scale under specific magnification of a compound microscope. 
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The mean and range of cell dimensions were determined after pooling the readings obtained 
from different samples. Rays of varying heights were measured and categorized as short (up to 
300fim), medium (301 to 600|jm), tall (600|im onwards), whereas width wise rays were 
categorized as uniseriate, biseriate, and multiseriate. 
3.9 Photomicrography 
Photomicrography involves combination of the principles of microscopy and photography. It is 
the recording of microscope image by photographic methods. In this method, when the object 
was focused under microscope, the photographs were taken with the help of Olympus clinical 
microscope (CH20/) and Olympus camedia digital camera (C-50 50 zoom), which was fitted on 
top of the microscope with micro photographic attachments at all magnifications of a 
microscope. 
3.10 Statistical analysis 
The observations recorded on various parameters were subjected to statistical analysis. For 
calculations various formulae were used. 
(i) Range 
The first value represents the lower limit and the second one represents the higher limit of 
observations in different sets of data 
(ii)Mean (x) 
The arithmetic mean or the so called average value is counted by taking the sum of a number of 
values (X]+X2+Xj +Xn) and dividing it by the total number of observations (n). 
Arithmetic mean (x ) - X\-^XT+X->, .... +Xn 
n 
Where X\+X2+x->, ^x^ = individual observation 
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n= total number of observations 
(iii) Standard error (S.E.) of mean 
The S.D. computed for sample mean is called by the name standard error of mean. It is not only 
computational error merely a standard deviation measuring the variability or fluctuations 
among sample means and calculated by following formula. 
S.D.of sample 
Where S.D. = Standard deviation of individual observation 
n - Number of observations 
(iv) Standard deviation (S.D.) 
Standard deviation or standard range of observation was utilized in determining the statistical 
significance of values obtained. It is a measure of variability or of dispersion which is the 
positive square root of mean of the square of deviation of the individual observations from their 
arithmetic mean. It is calculated by following formula: 
S.D. for large samples 
n 
S.D. for small samples 
SD +^ V^i --y)'+(-^2 -xY +{h -xY + k -xY 
n-\ 
Where 3c = mean of observations involved 
X\,X2,x-i Xn = observations 
n = total number of observations. 
(v) Coefficient of variation (C.V. %) 
It measures the relative magnitude of variation present in observation relative to magnitude of 
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their arithmetic mean. It is defined as the ratio of standard deviation to arithmetic mean 
expressed as percentage and in a unit less number. 
The following formula was applied to compute coefficient of variability (C.V.): 
C V % - ^ x l O O 
X 
Where, S.D. = Standard deviation of sample 
3c = Arithmetic mean 
(vi) Least significant difference (LSD): 
The least significant difference (LSD) was calculated for different parameters following the 
methods and formulae described below (Sunderaraj et ul, 1972). 
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T = No. of treatments 
r = No. of replicates 
Step 3: Sum of squares for replicates (Vali) 
Val,= R,^+R.^ +R'+R' +R' -C.F. 
Step 4: Sum of Squares for treatments (Vah) 
^^j^^ r,^+r/+r3^+r;+r3^+r; ^^ 
Step 5: Total sum of squares (Vab) 
Val3 = (l' + 2' + 3' + 4' + 5' + 30')- C.F. 
Step 6: Error sum of squares (Va^) 
Val4 = Val3-(Val,+ Val2) 


















LSD 2 X Mean squares of error 
No. of replicates X (t value of d.f of error at 5% or 1% level) 
To see the't' value d.f of error was calculated with the help of following formula 
d.£ = (t-l)(r-l) 
If the difference between the averages of two treatments exceeds the estimated LSD at 5% or 1% 
level the difference between the two treatments is said to be significant at 5% or 1% level. 
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CHAPTER 4 OBSERVATIONS 
4.1 Structure of cambium 
Plant grows in height (primary growth) and diameter (secondary growth) through the 
activity of meristem, which comprise a very small fraction of the total mass. The diameter 
of the plant axis increases chiefly by the activity of the vascular cambium, a cylindrical 
lateral meristem that is located between the xylem and phloem in the stem. The vascular 
cambium in the trunk of the investigated species forms a continuous cylinder between the 
xylem and phloem. It consists of two types of initials, spindle shaped elements with tapering 
end walls, the fusiform initials, and almost isodiametric or rectangular, ray initials. The 
fusiform initials appear roughly hexangular in tangential section with tapering ends, which 
in both the species overlap to a considerable extent. The arrangement of the different 
components of cambium thus leads to the formation of non-stratified/non-storied structure 
in A. cadamba (Plates I, III & V) and M indica (Plates II & IV). 
The walls of the fusiform initials bear primary pit fields and have distinct plasmodesmata 
connections with the contiguous elements, especially with the ray initials. The radial walls 
of fusiform initials are slightly thicker than the tangential ones and appear beaded during 
dormancy (Plates I-C, D & II-B, D). 
The length of fusiform initials varied from 300-950)im in A. cadamba and 360-862)im in M 
indica and their tapering ends varied from 62-363|im and 70-3 75 ^ m respectively (Table-
4.1.1). The width of fusiform initials was t© found vary from 18-58|im in A. cadamba and 
20-50|im in M indica. Thus the longest and widest fusiform initials were found in A. 
cadamba. The ray initials which occur in distinct groups generally form fusiform cambial 
rays which vary in width and height to a considerable extent in different species. The width 
of cambial rays varied from 1-5 cells in A. cadamba to 1-4 cells in M. indica, while their 
height varied from 1-40 cells in^. cadamba to 1-53 cells in M. indica (Table-4.1.1). 
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Analysis of the data of dimensional variations of ray initials revealed that the anticlinal and 
periclinal diameter of these initials ranged from 25/20 - 110/50^m in A. cadamba and 
25/20-75/50^m in M indica (Table-4.1.1). 
The cambial rays have been classified into three groups based on their height viz- short 
(300|im), medium (30I-600|im) and tall (above 601)im). The rays of different height and 
width occur in different proportions. In the present investigated species; short, medium as 
well as tall rays were noticed but medium rays were more frequent as compared to short and 
taller ones. In A. cadamba tall rays constituted about 24% of the total count and medium 
and short rays were about 41% and 35%) respectively. On the other hand, in M. indica tall 
rays constituted about 16%), medium about 48°/C and short ones about 36%) (Fig.4.1&4.2). 
Similarly the width of rays also varies in both species; u\z multiseriate rays are predominant 
and constituted about 52%) of the total number of rays in a unit area in A. cadamba, and 57% 
in M. indica. Biseriate rays constituted about 16%) \nA. cadamba and 28%) in M. indica. The 
uniseriate rays constituted about 32% and 17% respectively in A. cadamba and M. indica 
respectively (Fig.4.3&4.4). 
Depending upon the cambial make up, the ratio of ray and fusiform initials differ in both the 
species. In A. cadamba the ray initials in a tangential plane constituted about 33% of the 
cambial zone and 31%) in M. indica (Fig.4.5&4.6). 
The ray initials were generally found impregnated with varying amount of starch in both the 
investigated species. In M indica, heavy deposits of tannins were also noticed while 
fusiform initials usually possessed larger vacuoles. 
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Fig 4.2: Percent cambial rays in Madhuca iadica 
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4.2 Ontogenetic alterations in the structure of cambium 
In growing young shoots, the vascular cambium begins its development at the basal 
intemodes and proceeds acropetally towards the apex. The differentiation of cambial initials 
begins at different loci in the fascicular regions and spreads laterally to form a cambium 
ring. The changes in the cambial structure regarding the size of the different components 
and their relative proportion in tangential plane and number of cambial layers in transverse 
plane have been analyzed in the shoot axis of varying age and size. 
In transverse sections of the young shoots, the cambial zone consisted of 4-11 layers of 
cambial cells in A. cadamba and 4-10 layers in M indica while the number of cambial 
layers in the adult trees varied from 4-17 and 4-15 respectively. 
In tangential longitudinal sections it is observed that the fusiform initials undergo 
considerable size variation with the growing girth of the stem axis. Average size of fusiform 
initials showed an increasing trend from top towards the base of the tree. It varied from 
137.32-630.23)im in^. cadamba and 340.15-507.65^m in M. indica (Table-4.2.1,4.2.2). 
In A. cadamba, fusiform initials increased in length from top towards the base expressing a 
significant impact of the age factor on the vascular cambium. Similarly, in M indica, 
fusiform initials underwent elongation with the increasing age of the axis. The rate of 
elongation happens to be slightly higher in older ones; it appears, therefore that the ability of 
newly formed initials to elongate in size depends on the age of the meristem. The older, the 
cambium; greater was the ability of the initials to elongate in both the species. 
A comparative analysis of the data obtained on the width of fusiform initials revealed that in 
A. cadamba, width showed no increase in the beginning, but with advancing age, width 
showed increasing tendency at the basal region (19.20-38.50|im). In M indica, width of the 
fusiform initials significantly increased from top towards the base (26.18-36.17fim) (Table-
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4.2.1, 4.2.2). Measurement of the tapering ends of the fusiform initials in the beginning 
revealed that in the beginning there was no clear response of age factor, but near basal 
regions significant increasing tendency was noticed in A. cadamba. In M. indica tapering 
ends of fusiform initials showed no significant trend of variation in their length with the 
advancing age of the plant axis (Table-4.2.1, 4.2.2). 
A similar analysis of the ray initials of the investigated species has shown that in A. 
cadamba both anticlinal and periclinal diameters did not exhibit any trend, with the 
increasing girth of the axis and their dimensions were found varying from 18.47/14.24 -
52.00/31.76|im. In M. indica, both anticlinal and periclinal diameters increased with 
increase in the girth of the stem axis with an average ranging from 24.40/20.46 -
46.51/35.12|im (Table-4.2.3, 4.2.4). Thus ray initials were found to undergo dimensional 
variations in different ways in the species investigated and it may be concluded that the 
mode of dimensional variation may be a species-specific character. The ray initials were 
also found to undergo multiplication (Fig. 4.7, 4.8, 4.9&4.10). As a consequence of the 
above changes in the makeup of cambium, ray initials were found to occupy a relatively 
greater area in main trunk as compared to the younger shoots (Fig.4.11&4.12). 
With the advancing age of the plant axis, the cambial cylinder also expands by adding more 
cells. The fusiform initials undergo pseudotransverse divisions and give rise to sister initials 
(Plates I-C, III-A, IV-A, V-A & VI-D). Similarly, the ray initials also divide and give rise to 
new ray initials, all this happens in order to cope with the expansion of this axis. The ray 
initials are also produced by the fusiform initials and this happens either by transverse 
segmentation of the fiisiform cells or by the formation of new initials as terminals (Plates I-
D, II-D, III-D, IV-A, B, D «fe V-B) or lateral segments (Plates II-A, C, III-A, B & VI- A, C). 
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Fig.4.8: Percent cambial rays in Madhuca indica along the tree axis of varying girth 
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Fig. 4.10: Percent cambial rays in Madhuca indica along the tree axis of varying girth 
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Occasionally rays were found fusing with one another to form tall and wider bodies (Plates 
I-D, IV-B & VI- A, C). This is brought about by the conversion of the intervening fusiform 
initials into a group of ray initials. The newly produced rays having a limited height in the 
beginning grow into tall structure by the divisions of the existing initials. On the other hand 
the fusiform initials are also found to intrude into a panel of ray initials, resulting in the 
division of a broad or tall ray in to a number of smaller entities (Plates II-C, III-C, IV-C & 
VI-B). 
The vascular cambium constantly undergoes changes in its composition, as an 
accommodative measure to meet the increasing circumference of the cylinder. This usually 
resulted in a considerable change in the corresponding volume of the different initials. Thus 
in younger shoots, the fusiform initials occupied about 77% of total tangential area of the 
cambial cylinder in A. cadamba and 72% in M indica (Fig.4.11&4.12), while in the mature 
trunks the corresponding area of fusiform initials slumped to 67% and 69% respectively. 
4.3 Seasonal variations in the structure of cambium 
The fusiform as well as the ray initials exhibit certain changes in their characteristics under 
different climatic conditions. Analysis of the data obtained during the three consecutive 
years 2005, 2006 & 2007 has revealed that both the structure and the contents of the cambial 
initials vary from season to season. In A. cadamba, the average length and width of fusiform 
initials was found varying from 570.00-710.75|am and 30.35-40.50|im, while the average 
size of their tapering ends ranges from 120.00-214.50jim (Table-4.3.1). 
The dimension of ray initials showed minor variations in different seasons. The mean value 
of the anticlinal and periclinal diameters varied from 44.61/28.70 - 69.15/53.00|im during a 
calendar year (Table-4.3.2). In M. indica, the average length and width of fusiform initials 
ranged from 471.72-584.99|am and 31.20-3 9.25 |im respectively. The size of their tapering 
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Fig. 4.12: Percent tangential area (Cambium) of Madhuca indica along the tree axis of varying girth 
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ends varied from 140.25-186.25 |im (Table-4.3.3). The mean value of anticlinal and 
periclinal diameter of ray initials varied from 41.27/30.00-52.25/38.50|am (Table-4.3.4). 
Further studies concerning to the structure of rays, mode of development, proportional 
percentage of different types of rays and area occupied by them in tangential plane during a 
calendar year revealed that their size as well as their development appears to be influenced 
by the seasonal conditions. In A. cadamba short rays occurred more frequently in April, 
June and August, the medium sized in January, February, March, May, July and from 
October to December while the tall rays dominated in September (Fig.4.1). On the other 
hand in M. indica, the short rays occurred more frequently in February and July, the 
medium size rays were found commonly in January, March, April, June and from August to 
November while the frequency of tall rays was found high in May (Fig.4.2). 
In A. cadamba the multiseriate rays were dominant in number and constituted about 36-
64%. Following this, biseriate rays constitute about 4-30%, while uniseriate rays constitute 
24-44% of total rays of cambial zone in different months. The multiseriate rays were 
comparatively more frequent in January, February, May and October while biseriate did not 
follow any specific mode of distribution in different seasons and uniseriate rays were 
dominant in the month of August (Fig.4.3). 
In M. indica, multiseriate rays occun-ed more frequently than uniseriate and biseriate. The 
multiseriate rays were more frequently observed in April while biseriate and uniseriate did 
not follow any specific mode of distribution in different seasons. The proportional 
distribution of the uniseriate, biseriate and multiseriate rays varied from 6-24%, 20-38% and 
42-72% respectively during different months of tiie year (Fig.4.4) 
In tangential plane, the amount of ray and fusiform initials showed some minor fluctuations 
in different months of year. In A. cadamba the percentage area occupied by ray initials 
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varies from 22-39%, the maximum being in July while minimum occurring in May 
(Fig.4.5). In M. indica area occupied by ray initials varied from 25-37%, the maximum 
being in September and October and minimum in December and January (Fig.4.6). 
The tannins were found to be totally absent in ray initials oi A. cadamba. In M indica , the 
amount of tannins was found to be moderate during February, March and December, while 
they were found to be poor in the months of January, August, September and November and 
were completely absent from April to July and October (Table- 4.3.5 ). 
Similarly, observations on the starch contents of the ray initials also showed that the 
intensity of starch accumulations considerably varied in different months of a year. In A. 
cadamba the starch was found to accumulate in rich amount in the months of January, 
February, November and December, moderate in March and poor in April, May, June, 
August, September and October, while absent in July. In case of M. indica, it showed 
moderate accumulation from December to February, poor accumulation in March, August, 
October and November and completely absent from April to July (Table- 4.3.5). 
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Table 4.3.5: Seasonal variation (based on 50 samples) in the amount of starch and tannins in ray 
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4.4 Structure of secondary xylem 
In A. cadamba wood is diffuse porous, vessels mostly medium sized (101-200|am mean 
tangential diameter), solitary and in multiples of 2-4 cells are more frequent, but radially 
aligned multiples sometimes have up to 11 elements in a cluster. Vessels have simple 
perforations, intervascular pitting alternate and sometimes tyloses. Parenchyma is 
apotracheal, banded reticulate with non-septate fibres. Rays are 1-4 cells wide in transverse 
plane, but mostly uniseriate. Rays are heterogeneous and heterocellular (Metcalfe and 
Chalk, 1950) (Plates VII, IX & XI). 
In M. indica wood is diffuse porous; vessels are arranged in loose radial or dendritic pattern 
and often in multiples of 2-3 cells, but radially aligned multiples sometimes have up to 12 
elements in a cluster. Vessels have simple perforations, intervascular pitting alternate and 
tyloses common. Parenchyma is apotracheal, banded, varying from broken uniseriate lines 
to regular, continuous multiseriate bands. Rays are 2-3 cells wide, heterogeneous and 
heterocellular with dark tannin deposits. Fibres are non-septate with simple to minutely 
bordered pits. Vasicentric tracheids are present (Metcalfe and Chalk, 1950) (Plates VIII & 
X). 
In tangential longitudinal sections, the ray parenchyma cells form fusiform rays of varying 
height and width. The height is found to vary froml-59 cells inA. cadamba and l-53cells in 
M. indica. Similarly, their width is noticed to vary from 1-5 cells and 1-4 cells respectively 
in the species investigated. Measurement of the vessel elements have revealed that their 
length varies from 215-890|im in A. cadamba and 216-844[im in M. indica. The radial and 
tangential diameters of the vessel elements are found to vary from 35/50-262/230|am in A. 
cadamba and 33/45-262/250in M. indica (Table- 4.4.1). 
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Comparison of the length of vessels with their mother initials has revealed that they are 
almost equal in size to their mother initials in M indica while shorter in A. cadamba (Table-
4.4.2). 
The macerated fibre elements appear as elongated structure with mostly pointed and 
tapering ends. They appear to undergo apical elongation by means of apical intrusive 
growth to the extent of 1.727 to 2.226 times over the size of their mother initials namely the 
fusiform cambial initials (Table- 4.4.2). The intrusively grown elements possess newly 
formed apical parts made up of comparatively thin cellulose walls, enclosing bigger lumen, 
rich in cytoplasmic contents. Such apices exhibit various types of structural manifestations, 
such as serrations, forking, bending etc. They vary in length from 400-1675[.im in A. 
cadamba and 550-1870^m in M. indica respectively (Table- 4.4.2). 
Studies of adult wood samples, in transverse sections of the investigated species have 
revealed that the pores constitute about 30%, ray parenchyma 20%, sclerenchyma 23 % and 
axial parenchyma 27% of the total transactional area of wood in A. cadamba. Similar 
estimation of M. indica has shown that pores constitute about 24%), ray parenchyma 29%), 
sclerenchyma 26%i and axial parenchyma 21%). Studies on tangential longitudinal sections 
of wood samples has revealed that the ray occupy 32%) of the total longitudinal area in A. 
cadamba and 27% in M. indica while the rest is occupied by other axial elements. 
4.5 Ontogenetic alterations in the structure of secondary xylem 
Analysis of secondary xylem in the axis of various age group trees has revealed that the 
amount of secondary xylem increases with the increase in the age of tree axis. During the 
course of present investigation, in A. cadamba there is a slow increase in average length of 
vessel elements with advancing age, but soon the length becomes more or less constant 
(Table- 4.5.1). Radial diameter reveals a gradual increase with increase in girth. However, 
tangential diameter do not undergo such variations (Table- 4.5.1).While in M. indica, in the 
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axis. 
beginning there is no impact of age on the length of vessels elements but proceeding 
towards the basal region of the axis a clear increasing trend in vessel length has been 
recorded with the increasing age of the plant which is followed by constancy. 
Radial diameter does not show an age impact, but tangential diameter shows increasing 
trend with advancing age and then declines near the base (Table- 4.5.2). 
On the basis of pore size, the vessels are classified in to three sizes viz-small (50-100|im), 
medium (101-200jam) and large (201 fam onwards). A survey of the above categories of 
vessels in the stem axis of different diameters of both the species indicates that in the 
current year's shoots small and medium type of vessels are more frequent than in the older 
T 
In the current year's shoots of A. cadamba, the small and medium type vessels are found 
58% and 42% and in M. indica 55% and 45%. With the increase in the circumference of 
the axis there is a corresponding decrease in the percentage of small and medium type 
vessels and a gradual increase in the large type of vessels in both the species investigated 
(Fig.4.13«fe4.14). 
Observations on the xylem fibres also indicate some changes in their dimensions with the 
growing age of the tree axis. The average length of fibre has been fotmd to vary from 917.75 
-1104.09)jm in A. cadamba and 897.67-1244.83|im in M indica and their average width 
varies from 25.56 -40.00|im and 23.29 -30.08^m respectively (Table- 4.5.3, 4.5.4). 
Analysis of transections regarding the percentage area occupied by the different components 
of xylem in the wood samples collected from the axis of varying diameters has revealed that 
they differ to a certain extent in different samples. The vessel area is found to vary from 17-
29% in A. cadamba and 16-23% in M. indica. In A. cadamba vessel area increases with 
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increase in the girth of the axis, while in M. indica vessel area remains almost same and 
appears not to be influenced much by the age factor (Fig.4.I5&4.16). Similarly, the amount 
of other components has been found to vary in different samples. The ray parenchyma is 
found varying from 21-28% in A. cadamba and 26-30% in M.indica, the axial parenchyma 
varies from 35-40% in A. cadamba and 32-38% m M.indica while sclerenchyma varies from 
10-24% and 12-22%) respectively. In A. cadamba and M. indica, the ray and axial 
parenchyma gradually increases with increase in girth of the stem axis, albeit of some minor 
fluctuations. While the amount of sclerenchyma in xylem of both the investigated species 
decreases with the increasing girth of the stem axis. It decreases from 24-10% in A. 
cadamba and 22-12% in M. indica (Fig.4.15&4.16). 
Like their mother initials in the cambium the xylem rays also differ in height and width to 
an appreciable extent. They vary in height from l-23cells in^ .^ cadamba and l-28cells inM 
indica while their width varies from l-4cells and l-3cells respectively. The short type of 
rays was dominant in both the species (Fig.4.17&4.18) while the rays were found to be 
invariably multiseriate in the older axes of both the species (Fig.4.19&4.20). In tangential 
longitudinal sections, the percentage area occupied by wood rays varies from 18-33% in 
A.cadamba and 21-36% in M. indica (Fig.4.21). 
4.6 Seasonal variations in the structure of secondary xylem 
The immediate inner derivatives of cambium were analyzed every month in order to find 
out the dimensional variations in the size of the vessel elements and xylem fibres produced 
under different weather conditions. 
As regards the length of the vessel elements, it has been found that the average length of 
vessels varies from 425.20-686.62^m in A. cadamba and 398.30-680.14^m in M. indica in 
different seasons (Table-4.6.1, 4.6.2). The minimum average size of vessel is noticed in 
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Fig.4.14: Percent vessel size in Madhuca indica along the tree axis of varying girth 
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I Vessels • Ray parenchyma Sclerenchyma • Axial parenchyma 
Fig.4.15: Percent transectional area of Xylem components in Anthocephalus cadamba along the tree axis 
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Fig.4.16: Percent transectional area of Xylem components in Madhuca indica along the tree axis of 
varying girth 
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Fig.4.18: Percent Xylem rays of Madhuca indica along the tree axis of varying girth 
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Fig.4.20: Percent Xylem rays of Madhuca indica along the tree axis of varying girth 
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Fig.4.21: Percent tangential area (Xylem rays) along the tree axis of varying girth 
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March and maximum average size is in August in A. cadamba. In M. indica the minimum 
average size of vessel is noticed in June and maximum in September. Comparatively shorter 
elements occur more frequently in March and April while the taller ones in August and 
September in case of ^. cadamba, on the other hand in M. indica shorter elements occur 
more frequently in June and taller ones in September and January (Table- 4.6.1, 4.6.2). 
Measurements of the radial and tangential diameter of •".essels in A. cadamba have revealed 
that the average size of the radial diameter ranges from 125.74-165.65^m and tangential 
diameter varies from 119.86-153.54nm in different months. In M. indica mean of the radial 
and tangential diameters is found to vary from 124.81-200.74fim and 116.67-163.45|im 
respectively (Table- 4.6.1, 4.6.2). 
The dimensional changes in the macerated fibre elements were measured in different 
months of a calendar year. Their average length has been found to vary from 994.98-
1246.85|im in A. cadamba with the minimum occurring in July and maximum in June 
(Table- 4.6.3). In M. indica, average length of the fibres ranges from 1044.32-1245.05|im 
with the minimum and maximum occurring in July and May respectively (Table- 4.6.4). 
Similarly studies on the width of the fibres have revealed that their average size varies from 
23.28-40.68|jm with the minimum average width occurring in November and maximum in 
May in A. cadamba while 25.16-36.75|im in M. indica with minimum in October and 
maximum in November (Table- 4.6.3,4.6.4). 
The wood rays as their mother initials in the cambium, differ in height and width to a 
considerable extent. Analysis of the immediate xylem derivatives in fortnightly collections 
has shown that the tall rays are more frequent in the month of November and December and 
vary between 10-38% during a calendar year in A. cadamba (Fig.4.22). While in M.indica 
percentage of tall rays varied from 2-12%, they are not found dominant during a calendar 
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year. The short and medium rays were found dominating over tall rays, while in M. indica 
short rays are noticed to dominate over the medium and tall rays (Fig.4.23). Relative 
frequency of short, medium and tall rays were found to be slightly influenced by the trend 
seasonal fluctuations in both the species investigated but without any specific C, 
(Fig.4.22&4.23). 
A similar analysis of the ray width has revealed that multiseriate rays dominate in both the 
investigated species and vary from 40-72% in A. cadamba and 26-52% in M. indica, 
biseriate rays varies from 8-26% and 24-46% in the respective species. Similarly uniseriate 
rays vary from 16-40% and 18-46% respectively in the species investigated 
(Fig.4.24&4.25). 
The estimation of area occupied by ray parenchyma cells in tangential plane has shown that 
it varies from 25-36%) in^. cadamba and 21-30%) in M. indica in different months of a year, 
with an average of 32%) and 27%o in respective species (Fig.4.26). 
Monthly collections of the aduh wood of selected species have shown that the area occupied 
by the different components of the xylem in the transverse plane show minor fluctuations. 
The pore area is found to vary from 16-45%, 8-34%) ray parenchyma, 11-33% sclerenchyma 
and axial parenchyma 14-40%) in A. cadamba. In the other species, the area occupied by the 
different xylem components is estimated and it has been found that vessels occupy 14-30%), 
ray parenchyma 14-40%o, sclerenchyma 17-38%) and axial parenchyma 13-31%) of total 
transectional area (Fig.4.27&4.28). In both species relative area occupied by different xylem 
components do not show any specific trend of variations with respect to the different 
seasons and appear not to be directly influenced by cambial behaviour. 
Specific test for the starch contents of the axial and ray parenchyma of A. cadamba has 
revealed that frequency of their occurrence fluctuates with changing season. It has been 
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observed that the axial parenchyma accumulates rich amount of starch in January, a 
moderate amount from February to May, November and December but poor in June, August 
and September and absent in July and October. Similar fluctuations in the intensity of the 
starch in the ray parenchyma cells are also noticed. The ray cells become rich in starch from 
December to February, moderate from March to May, poor from September to November, 
June and July and totally absent in August (Table- 4.6.5). 
In the wood of M. indica ,the axial parenchyma cells containing rich amount of starch are 
noticed from ih January and February, moderate in April, May, November and December, 
poor in March and from August to October while totally absent in June and July. The ray 
cells having rich starch contents occur in December to February, moderate in March, May 
and July to September and rest of the months are found having poor deposition of starch. 
The intensity of tannin deposition has been found to vary in different months of the year. 
Very poor deposits of tannins in axial parenchyma were noticed from November to July 
while in ray parenchyma, poor deposits of tannins were noticed in January to March, May to 
July, October and November (Table- 4.6.5). 
The starch as well as tannins in the axial and horizontal system of wood appears to have no 
direct relationship with each other in the investigated species. However, the amount of 
starch decreases during active phase of cambium in the species investigated. Almost similar 
trend has been followed by tannins in M indica (Table- 4.6.5). 
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Fig.4.23: Percent Xylem rays of Madhuca indica 
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Fig.4.26: Percent tangential area xylem rays 
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Fig.4.28: Percent transectional area xylem components of Madhuca indica 
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Table 4.6.5: Seasonal variation (based on 50 samples) in the amount of starch and tannins in xylem of 





M. In die a 
Parenchyma 
Axial Ray Axial Ray 
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4.7 Structure of Secondary Phloem 
The outer appearance of stem differs in different species and the type of bark is used in 
many cases as a taxonomic character. These differences result^ from the pattern of growth 
of the periderm, the structure of the phellem and the nature and amount of tissues that are 
separated by periderm from the stem (Fahn, 1982). 
In the present study, the term bark is used to include all tissues lying outside the vascular 
cambium of the shoot axis. In the shoot axis, the bark, therefore, constitute tKe different 
phloem components, the pericycle, the endodermis, the cortex and the epidermis, while in 
the older region, secondary phloem and periderm form the bark. Externally, the bark of the 
older regions of the plant axis of A. cadamba is grey, rough and longitudinally fissured, 
while grey or blackish with shallow transverse wrinkles and vertical cracks, the inner 
portion reddish and milky in M. indica. Internally, it consists of two distinct structural zones 
viz, the phloem and the periderm in both the species investigated. 
Phloem can further be separated into functioning and non-functioning phloem. There are 
two systems in the functioning and non functioning phloem, the vertical and horizontal 
system. The principal components of the vertical system of the functioning or conducting 
phloem are the sieve elements accompanied by companion cells, the axial parenchyma and 
sclerenchyma, while the horizontal system comprises of phloem rays. In the non-ftinctioning 
or non-conducting phloem, the sieve tubes no longer serve as conducting elements due to 
presence of thick layers of callose which covers the sieve areas of the lateral walls and sieve 
plates, the disintegration of the protoplasm and crushing of the elements (Plates XIV-C, D, 
XV-B, C, D). The major part of the adult bark is non-conducting in nature and is made up of 
mainly the axial parenchyma, ray parenchyma, sclerenchyma and occasionally a few 
deformed sieve elements in both the species (Plates XII-A, B, XIII-A, B, C, XIV-C, D &, 
XVI-A). 
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The axial and ray parenchyma have various amount of ergastic substances such as starch 
and calcium oxalate crystals of different shape and size in both the species, but tannin 
deposits are only in M. indica (Plates XII & XIV). The conducting phloem situated adjacent 
to cambium has been analyzed in order to find out the dimensional variations of sieve tube 
members and phloem fibres. The sieve-tube members are found to vary in length from 75-
692fim in A. cadamba and 90-623^m in M. indica with an average of 407.44|Lim and 
320.80^m respectively (Table-4.7.1). 
The radial and tangential diameters of sieve tube members have been found to vary from 
13/17-44/54}.im in A. cadamba and 10/17-40/44|im in M. indica with an average of 
23.75/31.46nm and 20.83/26.84|im (Table-4.7.1). Thus the length and lumen size of sieve-
tube members differ in the investigated species. The sieve-tube members are arranged in a 
linear order to form long tubular pathways for food translocation. The end walls of the 
sieve-tube members are slightly oblique to transverse in both the species (Plates XII-C, D, 
XIII-D, XIV-B, XV-B, C). Lateral wall of these elements are found to have numerous sieve 
areas through which lateral communication is maintained with the contiguous elements 
(Plates XIII-C, XIV-C & XV-C). Each sieve-tube member is found to have one closely 
associated companion cell in the investigated species (Plates XII-D & XV-A, B). 
The rays of the conducting phloem in tangential sections have been analyzed and found to 
vary in height from l-42cells in A. cadamba and 1-39 cells M. indica, while their width 
varies from l-5cells and l-4cells in A. cadamba and M. indica respectively. Analysis of 
relative frequency of short, medium and tall rays has reveal that 32% short rays occur in 
A.cadamba and about 43% in M indica, while the medium ones constitute about 50% and 
49% respectively. The tali rays constitute about 18% and 8% respectively. Thus in both the 
species medium rays were found dominant. Similarly, the frequency of uniseriate, biseriate 
and multiseriate rays have been analyzed and found that in A. cadamba about 23% rays are 
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uniseriate and about 21% in M. indica. The biseriate constitute 19% and 33%) respectively, 
while the multiseriate only constitute 58% and 46% in A. cadamba and M. indica 
respectively. Thus multiseriate rays are more frequent in conducting zone of both the 
species. 
A similar analysis of the non-conducting phloem has revealed that short rays constitute 
about 25% in A. cadamba and 41% in M indica. The medium rays constitute about 46% 
and 39% respectively. The tall rays constitute about 29% and 20''/o in both the species 
respectively. Similarly the relative abundance of uniseriate, biseriate and multiseriate rays 
have been analyzed per unit area and it is found that in A. cadamba, uniseriate rays 
constitute about 26%), biseriate 20% and multiseriate about 54%) while in M. indica, uni, bi 
and multiseriate rays are found to be 15%, 26% and 59% respectively. The multiseriate rays 
are naticed more frequent as compared to uni and biseriate in this zone as it happens in case 
of conducting phloem. The height of the rays has been found to vary from 1-46 cells in A. 
cadamba and 1-29 cells in M. indica, while the width has been noticed to vary from l-5cells 
and l-4cells respectively. 
In radial longitudinal section, the rays appear as heterocellular procumbent with several 
marginal rows of upright cells, fibre typically septate in A. cadamba. Rays are 
heterogeneous, composed of procumbent and upright cells in M indica. Microscopic 
examination of tangential sections passing through the bark, as well as the macerated fibre 
samples show thai in both the species studied, the bast fibres are of the libriform type. Their 
morphology and histochemical reactions to phloroglucinol and safranin phase of_their 
differentiation_afterjhe,first phase of their maturation. The intrusively grown apical parts 
are generally found possessing comparatively bigger lumen, rich in cytoplasmic contents 
and found having various types of structural manifestations, such as serrations, forking, 
hooks, bending etc. _ ^ _ _ 
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The phloem fibre of the secondary phloem have been analyzed and they have found to vary 
in length from 412-1953|^m in A. cadamba and 512-1575)im in M indica and in width from 
13-50p,m and 18-50|im respectively (Table- 4.7.1). A comparison of average fibre length 
with that of fiasiform initials have shown that the fibres have grown 1.87 and 2.10 times 
over the length of their respective cambial initials in both the species investigated (Table-
4.7.2). 
Analysis of the conducting phloem of both the species in transectional view has revealed 
that the sieve elements occupy about 29% in A. cadamba and 18% in M. indica. The ray 
parenchyma occupies about 19% in A. cadamba and 13%) in M. indica. The axial 
parenchyma about 45% and 49%), sclerenchyma 1% and 20% of the total transectional area 
in A. cadamba and M indica respectively. In tangential plane phloem rays have been found 
to occupy about 34%) and 40%) total tangential area in A. cadamba and M.indica 
respectively. While in non- conducting phloem, rays occupy about 40%) in A. cadamba and 
46%) m M.indica. 
4.8 Ontogenetic alterations in the structure of secondary phloem 
The structural changes of the phloem have been studied in the axes of different girth from 
the same tree at different height levels. The different components of the phloem including 
the sieve- tube members are found varying with the girth of the axes. The average length of 
sieve-tube members shows a corresponding increase with the increase in the stem 
circumference in A. cadamba and M. indica. The average size of sieve tube members found 
in the current year shoots measure about 321.42|am in A. cadamba and 245.36^xm, while 
their size in adult trunks was measured up to 400.62nm and 330.64^m in A.cadamba and M 
indica respectively (Table- 4.8.1, 4.8.2). 
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Studies on the lumen size of sieve-tube members have revealed that the radial diameter of 
both the species increase with increase in girth and then gets constant near the base. The 
tangential diameters also increase from top towards the base of the stem axis in A.cadamba 
and in M. indica shows a gradual increase and then gets constant near the basal region.. 
Increase in lumen size is a gradual process and increases along with tree axis. The average 
radial and tangential diameters are measured 19.82/21.64|im in A. cadamba and 
17.98/20.66^m in M. indica in the current year shoots. The tangential diameters are found 
slightly higher than radial ones of both the species investigated (Table- 4.8.1,4.8.2). 
In both the species investigated, some of the sieve-tube members were found showing 
indications to ha.ve grown intrusively. Such elements develop tail like bodies of varying 
size. The sieve-tube elements were found smaller than the cambial cells from which they 
have developed in the species studied. 
The phloem fibres also exhibit some changes in their dimensions with the growing age of 
the tree axis. The average length of the fibres was found to vary from 963.16-1205.14nm in 
A. cadamba and 923.06-1109.22|um in M. indica and their average width varied from 18.72-
33.22|im and 21.18-30.28)im in the respective species (Table- 4.8.3,4.8.4). 
The phloem rays, like their mother initials in the cambium, differ in height and width with 
the age of the axis in the secondary phloem. They vary in height from 1-30 cells in 
A.cadamba and 1-26 cells in M. indica and in width from l-4cells and l-3cells in 
A.cadamba and M. indica respectively. Occurrence of short, medium, tall rays and 
uniseriate, biseriale and multiseriate type of rays were analyzed on similar lines as it was 
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done in case of cambium and xylem. It has been found that in A. cadamba, short, medium 
and tall rays occupy about 28%, 38% and 34% in tangential area, while in M indica short, 
medium and tall rays occupy about 45%, 46% and 9% (Fig.4.29&4.30). The multiseriate 
rays were more common in older trunks than in young shoots in both the investigated 
species (Fig. 4.31 &4.32). 
Analysis of the transections of the conducting phloem samples collected from the axis of 
varying diameter has revealed that they differ in their components to some extent in 
different samples. The sieve tube area is noticed to vary from 14-30% in A. cadamba and 
14-25% in M. indica, the ray parenchyma from 18-31% and 25-32%) the axial parenchyma 
23-36% and 25-35% and sclerenchyma 16-32% and 18-26%respectively (Fig. 4.33&4.34). 
The amount of sieve tubes and ray parenchyma increased with the increase in diameter of 
tree axis in both the species investigated. While axial parenchyma and sclerenchyma shows 
a declining trend with the increase in age of the shoot axis in both the species. In tangential 
longitudinal sections of conducting phloem, the percentage area occupied by rays varied 
from 22-39%) in /(. cadamba and 26-45%) in M indica (Fig.4.35). While in non-conducting 
phloem it varied from 30-45% and 39-57%) in the respective species (Fig.4.35). 
4.9 Seasonal variations in the structure of secondary phloem 
To study the structural variations in the size of sieve-tube elements, sclerenchyma, axial and 
ray parenchyma produced under different weather conditions, the various components of the 
conducing phloem were analyzed in the monthly collections of a calendar year. The mean 
length of sieve tube varied from 343.88-507.80^m in A. cadamba and 244.55-422.22fim in 
M indica. The mean radial and tangential diameters vary from 21.53/27.00-26.06/35.06^m 
in^. cadamba and from 18.56/23.93-22.47/32.98^m in M. indica respectively (Table- 4.9.1, 
4.9.2). Comparatively longer elements occur more frequently in June, August, November 
and December and short ones in the rest of the months in A.cadamha. In M indica, the 
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Fig.4J0: Percent conducting phloem rays of Madhuca indica along the tree axis of varying girth 
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Fig.4.32: Percent conducting phloem rays of Madhuca indica along the tree axis of varying girth 
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longer elements were found in April, June, August and November and short ones in other 
months. No significant change was noticed in the lumen size of the sieve-tube members in 
different seasons. 
Observations on phloem fibres in secondary phloem have revealed that the fibre elements 
undergo minor variations in different seasons. They are found to vary in length from 412-
1953|im in A. cadamba and from 512-1575^m in M. indica, with an average variation of 
1057.97-1329.4lp,m and 865.76-1294.18)im in A. cadamba and M. indica respectively. 
Average width of phloem fibres was found vary from 21.14-38.00|am in A. cadamba and 
25.18-38.80|im (Table- 4.9.3, 4.9.4). It is evident from the data obtained in this regard that 
longer elements occur more frequently in February, April and December in A. cadamba and 
in February and December in M. indica, while the short ones in the rest of the months. 
Accumulation of starch and tanniferous substances in the conducting phloem has been 
found closely related to the cambial activity. In both the species investigated, the cells show 
poor accumulation or complete absence of starch during the active phase of cambium while 
starch is abundant during the dormant period. Studies on tannins have revealed that they 
accumulate only in M indica and a complete absence of tannins has been found in 
A.cadamba. As far as trend of their accumulation is concerned they followi more or less 
similar trend as it has been found in case of starch in the present investigated species (Table-
4.9.5). 
Similar studies on starch contents in both the ray as well as axial parenchyma of non 
conducting phloem have shown that the frequency of accumulation fluctuates from month to 
month in both the species. In case of tanniferous contents, the M indica follow the same 
path of their occurrence as it has been found in case of starch (Table-4.9.6). 
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The phloem rays have been found to vary in height and width in the conducting and non 
conducting phloem of both the species investigated. Microscopic examination of the 
immediate phloem derivatives in fortnightly collections during a calendar year has shown 
that the short rays vary from 26-40% in A. cadamba and 16-62% in M. indica, the medium 
from 28-60% and 38-74% and tall from 10-40%o and 0-22% respectively in conducting 
phloem (Fig.4.36&4.37). 
A similar analysis of their width has revealed that the uniseriate rays vary from 16-30% in 
A. cadamba and 6-28% in M. indica, the biseriate from 8-28%) and 14-48% and multiseriate 
ones from 50-66% and 28-68% respectively (Fig.4.38&4.39). 
In A. cadamba, short rays were more frequently seen in February and June, the medium in 
January, April, May and October while the taller ones in November and December. In 
M. indica short rays occur more frequently in February, April and June while medium 
March, May and August and tall rays occurred in January (Fig.4.36&4.37). A comparative 
analysis of short, medium and tali rays in the investigated species has revealed that the 
percentage of medium rays is very high in both the cases as compared to short and medium 
rays and sometimes it goes up to 74%) of the total count. Almost a similar trend of variation 
of short, medium and tall rays has been noticed in non conducting phloem of both the 
species investigated as it has been found in case of conducting phloem (Fig.4.40&4.41). 
In A. cadamba and M. indica, the uniseriate and biseriate rays showed no specific trend of 
variation with respect to the months while multiseriate rays dominated throughout the 
calendar year. The percentage of multiseriate rays varied from 39-65% in A. cadamba and 
from 50-67% in M. indica, while biseriate rays varied from 11-36% in^. cadamba and from 
18-35%) in M. indica and uniseriate vary from 15-35%) in A. cadamba and 10-27% in M. 
indica (Fig.4.42&4.43). Estimation of different components of the conducting phloem, in 
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round the year collection, has shown that the sieve tube area varied from 10-45% in A. 
cadamba and 14-28% in M.indica. The ray parenchyma from 7-27% and 6-19%; axial 
parenchyma from 36-60% and 37-55% and sclerenchyma from 2-12%) and 16-26% in A. 
cadamba and M. indica respectively (Fig.4.44&4.45). The maximum transectional sieve 
tube area has been found in May i.e. about 45%) in A. cadamba and in M. indica about 28% 
in July. However they have not shown any significant seasonal variation in both the species 
investigated. 
In tangential plane, the area occupied by rays in the conducting phloem varies from 28-40%) 
in^. cadamba and 34-50%) in M indica. A similar analysis of the non -conducting phloem 
has shown that the area occupied by ray cells vaiy from 35-45%) mA. cadamba and 35-60%) 
in M. indica. On the basis of above data it can be concluded that the rays occupy a relatively 
greater area in the non-conducting phloem in the present investigated species 
(Fig.4.46&4.47). 
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Fig.4.37: Percent conducting phloem rays of Madhuca indica 
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Fig.4.39: Percent conducting rays in secondary phloem of Madhuca indica 
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Table 4.9.5: Seasonal variation (based on 50 samples) in the amount of starch and tannins in the 
conducting phloem of selected species during 2005. 
Conducting phloem 
A. Cadamba M. Indica 
Month Axial 
Parenchyma Parenchyma 
Ray Axial Ray 































































= Absent, + = Poor, ++ = Moderate, +++ = Rich 
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Table 4.9.6: Seasonal variation (based on 50 samples) in the amount of starch and tannins in the 
non-conducting phloem of selected species during 2005. 
Month 
Non-conducting phloem 
A. Cadamba M. Indica 
Parenchyma Parenchyma 
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Fig.4.41: Percent non-conducting phloem rays of Madhuca iitdica 
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Fig.4.43: Percent rays in non-conducting phloem of Madhuca indica 
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Fig.4.45: Percent transectional area in conducting phloem of Madhuca indica 
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4.10 Periodicity of cambium 
The vascular cambium in both the investigated species undergoes definite periods of rest 
and activity during a calendar year. During dormant stage, the cambial zone is represented 
by a narrow zone of tangentially flattened cells constituting of 3-5 layers in A. cadamba and 
3-6 layers in M indica (Plates XVI-B & XVII-A, B). The radial walls of cambial cells 
during dormant stage are found comparatively thicker than they are during the active phase. 
In tangential view the radial walls are found prominently beaded during the resting period 
(Plates I-C, D, II-B, D & V-D) due to the alternately thickened areas and the depressed 
primary pit fields through which they communicate by plasmodesmata connections with the 
^.ontiguous elements. Protoplasmic contents, including the nucleus, are found relatively 
dense during dormancy. The fusiform cambial cells during their active phase possess 
relatively thin and nearly smooth radial walls due to the absence of thickened areas, 
alternating with primary pit fields. The cambial zone as a whole during active phase takes 
light stain due to the absence of colored contents and loss of chromaficity of protoplasm. 
The vascular cambium in both the species appears to undergo activation once in a year, after 
undergoing a definite period of rest. The first sign of activity appears in the last week of 
February in A. cadamba and in third week of April in M. indica. The cells in the cambial 
zone undergo radial expansion in the last week of February in A. cadamba and in last week 
of April in M. indica (Plates XVI- C & XVII-B, D). As a result of this enlargement, the 
cambial zone swells up from 47-170^m in A. cadamba and 44-159|im in M indica (Plates 
XVI-C, D & XVII-C, D). 
In A. cadamba, the cells start dividing in the first week of March which causes an increase 
in the layers of cells from 3-5 to 7-10 while in M indica cambial cells division begins in 
first week of May, increasing the number of cambial layers from 3-6 to 6-10 (Plates XVIII-
A & XIX-A). In A. cadamba the newly produced derivatives differentiate first into xylary 
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elements in the month of March as a resuh of which about 270|am of xylem is added to the 
plant axis (Plate XIX- B, C, D) (Fig. 4.48). In M. indica, the newly produced derivatives 
differentiate in to phloic elements in the month of April adding about 60|im of phloem to 
the plant axis (Plate XVIII-B, D) (Fig. 4.49). 
The phloem production out of the newly produced cambial derivatives is observed in the 
months of April and May in A. cadamba and April, May, November and December in 
Mmi//ca (Fig. 4.48 & 4.49). 
In A. cadamba, the cambium turns dormant during September and in M. indica dormancy is 
attained in November. Thus the cambium remains active for about 6 months in both the 
species (Fig.4.50). 
The total amount of xylem produced during 2005, 2006 and 2007 was measured about 
840|jm in A. cadamba, 1600|im in M. indica while the total phloem production was found 
to be 350|im in A. cadamba and 375|im in M. indica. The quanttmi of phloem produced in 
an individual species presently investigated is found more or less equal in the three years of 
investigations. Thus amount of xylem produced in M. indica (XVIII-C) was found almost 
double as compared to A. cadamba. The annual production of phloem has been found 
almost equal in both the species during a calendar year. 
4.11 Longevity of secondary phloem 
As mentioned earlier, the vascular cambium of ^. cadamba becomes active in last week of 
February, while in M. indica the cambium becomes active in the third week of April. In 
A.cadamba, the phloem differentiation occurs once in a year i.e., in the month of April and 
May. The total amount of phloem produced during 2005, 2006 and 2007 was about 350^m 
being added in the months of April 150|jm and 200)im in May. A narrow strip of phloem of 
about 50|im out of Ihe phloem produced during month of May remains functional till next 
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April and the rest becomes inactive due to callose deposition on sieve pores. Thus the 
longevity of phloem produced during month of May extends up to 11 months in the species 
investigated. 
In M. indica, phloem production occurs in two flushes, the first addition being in April and 
May, and the second addition in November and December. The total amount of phloem 
added during a calendar year is about 375^m, added in the months of April 60|am, May 
120jim, November 80jam and in December 115jim. In this species, about 180)jm phloem is 
produced in April and May and only a narrow strip of about 65|im remains functional up to 
next October for about 7 months, thus phloem showing longevity of 7 months. About 
195^m phloem is produced in November and December and a narrow strip of about 80^m 
out of the total phloem remains active up to the next March when second addition of phloem 
takes place, thus showing longevity of about 5 months. 
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Fig.4.48: Annual production of cambial derivatives in Anthocephalus cadamba in relation to 
temperature and humidity. 
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Fig.4.50: Periodicity of cambium, xylem and phloem production. 
Chapter 4 Observations 116 
CHAPTER 5 DISCUSSION 
5.1 Vascular cambium 
The term cambium owes its origin from Grew (1682). Sanio (1863) happens to be the first 
botanist who recognized the cambium as a lateral meristem. The general concept of 
cambium in its modern sense, as a single layer of initials, comes from De Bary (1884). The 
concept of cambial zone has been introduced later to incorporate the whole lot of 
undifferentiated derivatives in addition to the true initials. The same concept of cambium 
has been followed by Cockerham (1930), Artschwager (1950), Newman (1956), Kozlowski 
(1971), Ghouse and Iqbal (1975), Iqbal (1990), Fahn (1997), Paliwal and Yadav (1999) and 
Paliwal et ai, (2002). 
It is generalized opinion that the vascular cambium originates in the fascicular region first 
and later extends tangentially in interfascicular regions (Esau 1965). However, Fahn et al, 
(1972) have reported that vascular cambium to develop first in interfascicular region rather 
than in the fascicular ones in Ricinus communis. But the observations recorded in the 
present study regarding formation of cambium goes against the findings of Fahn et al, 
(1972) and support the commonly held view as noted in certain earlier cases (Esau, 1965; 
Grunkel and Whitmore, 1946; Cumbie, 1967, Soh, 1972; Ghouse et al., 1972) that the 
procambial cell experience repeated periclinal division in order to produce rows of radially 
aligned elements before they transform into true cambial initials. In the present study, 
similar observations have been recorded in both the species investigated. This made it rather 
difficult to recognize the exact time of differentiation of the procambium in the present 
study. The appearance of ray initials has been taken as a sole criterion to indicate cambium 
formation in the present study following the concept of Catesson (1964). 
The vascular cambium in general is made up of elongated fusiform initials and roughly 
isodiametric ray initials. Bailey (1923) has recognized two basic patterns of cambial 
structure. On the basis of arrangement of these initials; in one of them the fusiform initials 
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occur in horizontal tiers with the end of cells appearing approximately at the same level in a 
given tier and in the other, the end walls of the adjacent initials overlap to a considerable 
extent. The former is called as stratified or storied cambium, while the later one as non-
stratified or non-storied cambium. 
According to Bailey (1923), the stratified type is phylogenetically advanced. Other workers 
of the similar opinions are Metcalfe and Chalk, 1950; Barghoorn,1964; Fahn, 1974; 
Esau, 1977; Khan, 1980; Siddiqui,I983; Kafeel,1986; Khan,2001; Mahmood,200I. In the 
presently investigated species, arrangement of cambial initials depicts a clear non-stratified 
structure in A. cadamba and M indica as found in the majority of vascular plants. The non-
stratified structure of cambium has been reported earlier by Khan (1977), Iqbal (1979), 
Khan (1980), Siddiqui (1983), Ajmal (1985), Kafeel (1986), Khan (2001), Rao and Rajput 
(2001b), Khan et oL, (2005), Bhat and Siddiqui (2006), Khan and Siddiqui (2007a, b, c). 
Khan et al., (2007) and Venugopal and Liangkuwang (2007). 
The cambial initials of a wide variety of tropical as well as temperate trees were measured 
by Bailey (1923) and it was concluded that the fusiform initials are generally shorter in 
stratified category. Bailey (1923) further found that the fusiform initials vary in length from 
460-4400|im showing non-stratified cambium. The observations regarding this aspect 
indicate that in the present investigated species, the length of fusiform initials ranges from 
300-950nm in A. cadamba and from 360-862|im in M indica which goes in agreement with 
results of some earlier workers like Ghouse and Iqbal (1975), Ghouse et al., (1980), Khan 
(1980), Cumbie (1983), Khan (2001), Mahmood (2001), Khan and Siddiqui (2007c) who 
have found fusiform initials length to fall shorter than Bailey's (1923) reported limit for 
non-stratified cambium. In the present study A. cadamba is found to possess long fusiform 
initials as compared to M. indica. If size of fusiform initials is taken as indication of 
Chapter S Discussion 118 
phylogenetic advancement, obviously M indica appears to be the more evolved form than 
A. cadamba. 
During different seasons, the anatomical variations that the cambium experiences, have been 
analyzed by a number of workers (Eames and MacDaniels, 1947; Esau, 1965; Srivastava 
and O'brien, 1966; Robards and Kidwai, 1969; Murmanis, 1970, 1971; Khan, 1977; Iqbai, 
1979; Khan, 1980; Siddiqui, 1983; Kafeel, 1986; Rao and Dave, 1986; Venugopal and 
Krishnamurthy, 1989 & 1994; Antonova, 1996; Antonova & Stasova, 1997; Khan, 2001; 
Mahmood 2001; Rao and Rajput, 2001a,b; Rensing and Samuel, 2004; and Venugopal and 
Liangkuwang, 2007). The radial walls of fusiform initials have been reported to be usually 
thicker than tangential walls, especially during dormancy and the primary pit fields appear 
deeply depressed in tangential longitudinal view giving a beaded look to the radial walls. 
Similar observations have been made in present study too, in both the species investigated, 
if not at the same level but in different degrees. 
The cambial initials have been reported to undergo anticlinal and periclinal divisions 
periodically (Bailey, 1923; Eames and Mac Daniels, 1947, Bannan, 1956; Rao and Dave, 
1986; Han and Woong, 1991; Fahn, 1997; Mahmood, 2001; Khan, 2001; Esau, 2002). The 
anticlinal divisions add to the cambial population while the periclinal ones increase the 
number of cambial derivatives emanating new phloem and xylem elements. Two 
fundamental types of anticlinal division have been recognized by Bailey (1923) in the 
different vascular plants. In one type, the anticlinal division occurs in a radial longitudinal 
plane and in the other pseudotransverse wall formation takes place running askew 
intersecting the two radial walls at two different levels (Philipson et al, 1971; Khan, 1980; 
Khan and Siddiqui, 1980, 1983; Zargoska-Marek, 1984; Khan etal, 1988; Iqbal, 1990; Han 
and Woong, 1991; Venugopal and Krishnamurthy, 1994; Khan 2001; Mahmood, 2001). In 
the present study the anticlinal divisions in the cambial initials have been noted to be 
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pseudotransverse, as it has been found in majority forms having non-stratified cambium 
(Bailey, 1923; Esau, 1965; Fahn, 1974; Iqbal, 1990 & Khan, 2001). The pseudotransverse 
wall formation observed in present study varies in length from short to long in both the 
species. Sometimes the dividing wall almost extending from one end of the cell to the other, 
as it has been reported earlier by Khan (1977) in Psidium guajava, Iqbal (1979) in some arid 
zone species. Khan (1980) in some Myrtaceae, Siddiqui (1983) in some Moraceae. 
The work on ray initials has been carried out in detail by Barghoorn (1940 a, b; 1941 a,b) 
and Braun (1955) in conifers and dicotyledons, while its developmental studies were 
worked by that of Bannan (1950, 1951, 1953, 1956); Evert (1959, 1961); Cumbie (1963, 
1969 a,b); Ghouse and Yunus (1973); Ghouse and Iqbal (1977); Khan (1980); Khan et al, 
(1983); Siddiqui, (1983); Ajmal (1985); Kafeel (1986); Ajmal and Iqbal (1992); Khan 
(2001); Mahmood (2001). Earlier works on ray initial formation indicate that the ray initials 
may originate in more than one way. Sometimes, they arise as a single cell which may be 
cut at the ends of fusiform initials as terminal segments (Bannan, 1951, 1956; Braun, 1955; 
Khan, 1980; Siddiqui, 1983). They may also arise either by transverse fragmentation of 
fusiform initials (Whalley, 1950; Bannan, 1951; Srivastava, 1966; Khan, 1980; Siddiqui, 
1983; Mahmood, 2001; Khan, 2001) or a declining fusiform initial may be reduced to a 
•single ray initial (Barghoorn, 1940a, 1941a; Fahn, 1982). 
As far as the presently investigated species are concerned, they show the first two types of 
ray formation. After their development, they continue to increase in number to a 
considerable extent mainly through multiplication of existing initials as has been reported 
by (Barghoorn, 1941b; Braun, 1955; Evert, 1961, 1963a; Ghouse and Yunus, 1973; Khan, 
1977; Khan, 1980; Khan et al, 1983, Mahmood, 2001; Khan, 2001). In the presently 
investigated species, rays also showed increase in width and height by fusion of two or more 
vertically and radially aligned rays. Such fusions result from intervening fusiform initials or 
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by multiplication of already existing ray initials of the adjacent panels of rays (Barghoorn, 
1941b; Philipson et ai, 1971; Bartwal et al., 1983; Khan, 1980; Khan et al., 1983; Rao, 
1988). Splitting of rays also occurs as a result of intrusive growth of fusiform initials in both 
the species investigated as it has been reported by Khan (1980) in C. citrinus, E. maculata 
and E.jambolana and Khan et ai, (1983) in C. sinensis. Earlier workers have also recorded 
similar observations in various other species (Barghoorn, 1940a, b; Esau, 1965; Evert, 1961; 
Cheadle and Esau, 1964; Khan, 1977; Bartwal et al, 1983; Siddiqui, 1983; Iqbal, 1990; 
Khan, 2001; Esau, 2002). 
As a result of detailed analysis of Pinus strobus, Bailey (1923) found that the fusiform 
initials constitute about 87.5% of total area of cambial zone. Wilson (1963) calculated the 
surface area of cambial zone in Abies concolor and found that the fusiform cells form more 
than 90% by volume of the cambium and its derivatives. Later on, he gave a model for the 
cambium of conifers based on his observations. Similarly, Kozlowski (1971), Butterfleld 
(1972), Margaris and Papadogianni (1977), Ghouse and Jamal (1979); Ajmal (1985) and 
Kafeel, 1986 had also recorded similar high percentages of fusiform initials. In the present 
study, in A. cadamba, the fusiform initials constitute 67% and in M. indica, about 69% of 
the tangential area of the cambial cylinder which is much lesser as compared to that of 
Bailey's (1923) and Wilson's (1963) observations but almost similar results have been 
obtained in several other tropical trees by number of Indian workers (Ghouse and Yunus, 
1973, 1974a, b; Khan, 1977; Khan, 1980; Khan and Siddiqui, 1980, 1983; Venugopal and 
Krishnamurthy, 1989; Mahmood, 2001; Khan, 2001; Khan et al, 2005; Khan et al, 2007 
Bhat and Siddiqui, 2006 and Khan and Siddiqui, 2007a, b). 
It is evident from the present studies, that the fusiform cambial initials experience 
considerable length variation as the tree grows in thickness in both the species investigated. 
The length of fusiform initials also showed an increasing trend from top to base which 
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coincides witli the report of Cumbie (1969a), Khan (1980), Mahmood (2001) and Khan 
(2001). Thus the present finding differ from those findings that the length of fusiform 
initials increases with increasing girth of the tree trunk but after reaching certain maximum, 
it becomes stable (Bailey, 1923; Bosshard, 1951; Hejnowicz and Hejnowicz, 1958; Evert, 
1961, 1963a; Bannan, 1962; Ghouse and Yunus, 1973;) or an early stabilization after having 
attained a maximum it tends to decline further towards the base (Ghouse and Iqbal, 1977; 
Khanetal., 1983; Ajmal, 1985). 
In the present study, the observations on ray initials re\";aled that in A. cadamba the size of 
ray initial did not show any significant change with the advancing age but in M. indica their 
size increased with increase in the girth of the stem axis. Contrary to above findings, the ray 
initial do not exhibit any appreciable change in their dimension in relation to age of the axis 
(Khan, 1980; Siddiqui, 1983; Ajmal, 1985). However, they undergo multiplication to 
become multiseriate in older axis (Bailey, 1923; Braun, 1955; Ghouse and Yunus, 1973; 
Khan et al, 1981, Khan et al, 1983; Kafeel, 1986; Iqbal and Ghouse, 1987; Ajmal and 
Iqbal, 1992; Khan, 2001 and Mahmood, 2001). 
As a result of their development in the cambial zone, relative proportion of fusiform and ray 
initials also changes with age of stem axis. The ray initials occupyl2-34% in A.cadamba 
and 27-40% in M. indica of the total tangential area of the cambial cylinder. An increase in 
the proportion of ray initial from the apex down to the base of the tree has been reported in 
many Indian species such as Dalbergia sissoo (Ghouse and Yunus, 1973); Psidium guajava 
(Khan, 1977); Callistemon citrinus. Eucalyptus maculata and Eugenia jambolana, (Khan, 
1980); Citrus sinensis (Khan et al, 1983), Ficus infectoria and Ficus religiosa (Siddiqui, 
1983); Ficus rumphii and Sterbulus asper (Ajmal, 1985); A. scholaris, E. officinalis and P. 
roxburghii (Mahmood, 2001). 
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As far as the dimensional variations in relation to different seasonal changes were 
concerned, it has been noticed that the average length and width of fusiform initials as well 
as magnitude of ray initials vary to some extent depending on the time of development of 
new cambial initials and the period of their growth. Frequency of uniseriate and short 
cambial rays has been found higher in active period than in the dormant phase of the 
cambium. Earlier workers have also reported such changes both in size and in magnitude of 
the different types of cambial initials in tropical trees (Yunus, 1976; Khan, 1977; Iqbal, 
1979; Khan, 1980; Dave and Rao, 1982a; Siddiqui, 1983; Ajmal, 1985; Kafeel, 1986; Khan, 
2001 and Mahmood, 2001). 
The ray initials were found impregnated with varying amount of starch in both the species 
and this appears to be direct impact of changing weather conditions. Starch accumulation 
has been found higher during dormant phase of cambium as compared to active phase. 
Similar condition of starch contents were reported by Venugopal and Liangkuwang (2007) 
in D. indica. Contrary to this, Kishore and Rao (1999) have reported a total absence or poor 
deposits of starch during dormant phase of cambium in Tectona grandis. A similar situation 
has been reported by Rao and Dave (1983a) in T. grandis, except its occurrence in the 
month of March in moist deciduous forest. However, tannin contents were only present in 
M. indica. 
5.2 Secondary xylem 
The xylem is the principal water-conducting tissue in a vascular plant; it is usually spatially 
associated with the phloem, (principal food-conducting tissue). The two tissues together are 
called the vascular tissue or tissues. The combination of xylem and phloem forms a 
continuous vascular system throughout all parts of the plant, including all branches of stem 
and root. 
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Developmentally, it is convenient to distinguish between primary and secondary vascular 
tissues. The primary tissues differentiate during the formation of the primary plant body, 
and the meristem directly concerned with the formatior. of the primary vascular tissues is 
the procambium. The secondary vascular tissues are produced during the second major stage 
of plant development, in which an increase in thickness results from lateral additions of new 
tissues to the axial parts of the plant and their larger branches. It results from the activity of 
vascular cambium (Esau, 2002). 
Secondary xylem being a complex tissue comprises of various types of elements viz., 
trachieds, vessel elements, fibres, parenchyma cells, ray cells and sometimes secretory cells. 
The occurrence and rearrangement of these elements vary in different groups of plants. The 
quantitative difference in number of cells as well as in the size of the elements that exist 
between the species of a single genus makes it possible to identify the plant by its secondary 
xylem alone. The secondary xylem of dicotyledons is more complex than that of 
gymnosperms. Dicotyledonous wood comprises of elements that vary in size, shape, type 
and arrangement. In the secondary xylem of Quercus e.g., vessel elements, tracheids, fibre 
trachieds, libriform fibres, gelatinous fibres, wood parenchyma and the rays of different 
sizes are found. However, there are some dicotyledonous trees in which the wood is 
comprised of a smaller number of element types. For instance, in many species of 
Juglandaceae, apart from vessel elements and parenchyma cells, only fibre-tracheids are 
found in the wood (Fahn, 1974). 
The wood anatomist refers to a vessel in a cross section as a pore. The arrangement of 
vessel elements in the secondary xylem of dicotyledons is a characteristic feature and is 
frequently used in identification of species. When the vessel elements are more or less equal 
in diameter and uniformly distributed throughout the wood, the wood is termed as diffuse 
porous wood. On the other hand, when vessels are distinctly larger in the early wood than in 
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the late wood, the wood is said to be ring-porous. Examples of species with diffuse porous 
wood are Acer spp., Populus alba, Acacia cyanophylla, Olea europeae and Eucalyptus spp. 
(Fahn, 1974); Dalbergia spp. (Yunus, 1976); Acacia nilotica and Prosopis spicigera (Iqbal, 
1979); Ficus infectoria and Ficus religiosa (Siddiqui, 1983); Bauhinia purpurea and 
B.variegata (Kafeel, 1986); Jacaranda mimosaefolia, Pterospermum acerifolium and 
Terminalia arjuna (Khan, 2001); Alstonia scholaris, Embilica officinalis and Putranjiva 
roxburghii (Mahmood, 2001); Lonchocarpus sericeus (Kojs et al, 2004); Mangifera indica 
(Gupta and Iqbal, 2005); Acer platanoides (Marion et al, 2007). Several Myrtaceae 
members are found to have diffuse porous wood such as, some species of Eucalyptus 
(Dadswell, 1972); Psidium guajava (Khan, 1977); Callistemon citrinus, Eucalyptus 
maculata and Eugenia jambolana (Khan, 1980); twelve species o^ Eucalyptus (Khan et al, 
1980). Ring porous wood is found in Castanea dentata, Morus rubra, Quercus spp. Ulmus 
americana, Carya pecan, Fraxinus americana (Esau, 2002); Fraxinus excelsior 
(Frankenstein et al, 2005). 
In the present investigated species, the wood is found to be diffuse porous. The vessel 
elements are found solitary and in short radial multiples of 2-4 cells, sometimes form a 
cluster having up to 11 cells in A .cadamba and often in multiples of 2-3cells in M. indica. 
More or less similar findings have been reported earlier by (Yunus, 1976; Khan, 1980; 
Kafeel, 1986; Khan, 2001; Mahmood, 2001; Kojs et al, 2004; Gupta and Iqbal, 2005). 
In different dicotyledonous species, the amount of axial parenchyma shows wide variations. 
In some species, there is very little axial parenchyma or it may be totally absent while in 
others, it constitutes a sufficiently large portion of the wood. Apart from the variations in the 
amount of axial parenchyma, their mode of distribution also varies in secondary xylem in 
different species (Fahn, 1982). The axial parenchyma constitutes about 27% in A. cadamba 
and 22% in M. indica. 
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Sufficient work has been done on variations in size of xylem fibres of various gymnosperms 
and dicotyledons (Bisset and Dadswell, 1949; Morey et al., 1950; Scaramuzzi, 1955; 
Hejnowicz and Hejnowicz, 1958; Dinwoodie, 1961; Carlquist, 1962; Burley, 1969; Khan, 
1980; Kafeel, 1986; Ajmal and Iqbal, 1992; Castro and Ademir, 1992; Lim and Woong, 
1997; Jorge et al., 2000). In the present study, A. cadamba is found to have long xylem 
fibres than M indica. Observations on xylem fibres have shown that they experience apical 
intrusive growth to the extent of 1.727 to 2.226 times over the size of their mother initials in 
A. cadamba and M. indica respectively. Similarly, Khan et al, 1979a had reported xylem 
fibres in Eucalyptus camaldulensis and E. papuana to grow to the extent of 1.54-1.8 times 
over their mother initials, Khan et al, (1979b) again have shown that in some Verbenaceae, 
the extent of apical growth in xylem fibres varies from 1.8-5.4 times over their mother 
initials in different species. Khan, (1980) has recorded apical intrusive growth to the extent 
of 1.4- 1.6 times over the size of their mother initials in some Myrtaceae members. Siddiqui, 
(1983) had reported apical intrusive growth to the extent of 3.54 and 4.40 times over size of 
their mother initials in some Moraceae. Khan, (1984) has reported that xylem fibres undergo 
apical intrusive growth 5.50-6.33 times over the size of their mother initials in Bombax 
malabaricum. Mahmood (2001) had reported the apical intrusive growth to the extent of 
1.44, 1.62 and 1.16 times over the size of their mother initials in A. scholaris, E. officinalis 
and P. roxburghii respectively. Khan (2001) had shown the apical intrusive growth to the 
extent of 3.03, 2.64 and 3.53 over the size of their mother initials in J. mimosaefolia, P. 
acerifolium and T. arjuna. Khan and Siddiqui (2007c) had reported that xylem fibres 
undergo apical intrusive growth to the extent of 1.42-1.44 times in Alstonia venenata & A. 
neriifolia, but Cheadle, (1937) has found that in some woody Liliaceae the xylem fibres 
grow 15-40 times over size of their mother initials while Anand et al., (1978) reported 
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xylem fibres in Dalbergia sissoo to grow 8-9 times longer than their mother initials. 
However, the present findings go in conformity with observations of Khan et ai, (1979b). 
Vessels are constructed of highly specialized cells, the vessel elements. During the 
evolution of land plants, these elements developed features that allow the efficient and 
reliable transport of water (Bailey, 1953; Carlquist; 1975, 1988; Bass, 1976, 1982; Tyree 
and Zimmerman, 2002; Sperry; 2003) and this report was also confirmed by Kitin et ai, 
2004). During the course of present investigations, the average length of vessel elements 
shows a slow increasing trend with increasing girth 'vhich later becomes more or less 
constant in A. cadamba. Increasing trend in length of vessel elements from top towards the 
base has also been reported by Siddiqui, (1983) in Ficus religiosa, Carlquist, 1989 in new 
world species of Ephedra. Castro and Ademir (1992) in Sacoglottis guianensis and Andira 
parviflora, Han and Woong, (1993) in Populus eurameriana and in Jacaranda 
mimosaefolia by Khan (2001). In M.indica, there is no increase in length in the beginning 
but after a slight decline the length of vessel elements increases with increase in girth of the 
axis. Contrary to this Siddiqui, (1983) has reported vessel length to show gradual decrease 
up to base in Ficus infectoha, Iqbal and Ghouse, (1977a) in Prosopis spicigera and Khan, 
(1980) in Eucalyptus maculata observed the length of vessel elements initially increases and 
tends to remain constant for some distance and finally declines near the ground level. 
The radial diameter of vessels shows an increasing tendency from top towards the base in A. 
cadamba as has been reported by Carlquist, (1989) in new world species oi Ephedra. 
Narrow lumened vessels are more frequent in young shoots and broader ones at the base 
have also been reported by Iqbal and Ghouse, (1977a). In M. indica radial diameter first 
undergoes expansion with increasing age of the axis which gradually declines near the basal 
region as has been reported by Ajmal, (1985) in Ficus rumphii. Khan (2001) in T. arjuna. 
As far as tangential diameter of vessels is concerned, it shows a gaining tendency and then 
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gets stabilized in both the species. This has also been reported by Khan (1980) in 
Callistemon citrinus. Eucalyptus maculata and Eugenia jambolana; Siddiqui (1983) in 
Ficus infectoria\ Khan (1984) in Bombax malabaricum; Khan (2001) in Jacaranda 
mimosaefolia, Pterospermum acerifolium and Terminalia arjuna. Contrary to this in Ficus 
rumphii, a consistent increase in tangential diameter of vessels from apex towards base and 
after attaining a maximum followed by a decline has been reported by Ajmal (1985). 
It has been observed that xylem in young shoots consist of narrow lumened vessels (small) 
proportionally higher in number in both the species investigated. As the axis grows older, 
the number of large type vessels shows an increasing tendency. More or less a similar trend 
has been reported by earlier workers (Khan, 1977; Khan, 1980; Khan, 1984; Khan, 2001). A 
continuous increase in vessel area from top to base wards has been observed in the presently 
investigated species as it has also been reported in several other species (Khan, 1977; Khan, 
1980; Khan, 1984; Khan, 2001). An entirely different situation, a higher vessel proportion in 
young shoots than in old stem has been reported by Ollinnmaa (1955) and Bhatt and 
Karkkainen(1980). 
The axial parenchyma shows an inconsistent behavior from top towards the base in the 
species investigated. Contrary to this, axial parenchyma showing decreasing tendency from 
top towards base has been reported by Ajmal (1985) in Ficus rumphii and Sterbulus asper. 
Some other workers have reported axial parenchyma to increase with increasing diameter of 
axis Khan (1977), Iqbal (1979), Khan (1980). 
As far as dimensional variation of vessels, fibres, ray and axial parenchyma in relation to 
different weather conditions is concerned, they do not exhibit any considerable change in 
both the species investigated. Similar change has been reported by Khan (1980), Ajmal 
(1985) and Khan (2001). In both the investigated species, the starch accumulation is found 
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to be higher during dormant phase of cambium as compared to active period. This coincides 
with the reports of Esau (1965) that starch reserve accumulate towards end of growing 
season and are depleted during cambial activity. A similar trend has been reported by Khan 
(1980) in Callistemon citrinus. Eucalyptus maculata and Eugenia jambolana, Ramiah and 
Shah (1985) in Lagerostromia indica and L lanceolata, Kishore and Rao (1999) in Tectona 
grandis and Acacia nilotica, Khan (2001) in Jacaranda mimosaefolia, Pterospermum 
acerifolium and Terminalia arjuna. Tannins have been found in the parenchyma system of 
xylem in M indica only. Accumulation of tannins is also found to be influenced by different 
seasons. Both the systems of parenchyma were found accumulating more tannin during the 
dormant phase of cambium as it has been found in case of starch. More or less similar trend 
of tannin deposition has been reported by some earlier workers (Khan, 1977; Khan, 1980; 
Siddiqui, 1983; Mahmood, 2001). 
5.3 Secondary Phloem 
The food-conducting tissue of a seed plant, the phloem is associated with the xylem in the 
vascular system. Like the secondary xylem, the secondary phloem arises from the vascular 
cambium and possesses an axially oriented cell system and a radially oriented ray system 
that originates from the cambial ray initials in the same manner as the xylem rays (Dickison, 
2000). 
The secondary phloem of the investigated species is composed of sieve tube members, 
accompanied with one companion cell, axial parenchyma, fibres and sclereids in the vertical 
system and roughly isodiametric ray cells in the horizontal system. Like other 
dicotyledonous species, in the presently investigated species also, the cell arrangement has 
been noted to exhibit a great deal of diversity in the different species (Ghouse et ai, 1979). 
In both the species, the phloem fibres along with sclereids are found in small fascicles 
which in turn are arranged in tangential bands giving a characteristic look to the bark as it 
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has been reported by some earlier workers like Hoidheide (1951), Chattaway (1953, 
1955a,b,c,d,e), Chang (1954a,b), Esau (1964), Ghouse and Sabir (1974), Khan et ai, (1976, 
1977, 1978), Siddiqui (1983), Khan (2001). 
The sieve- tube members in both the species investigated, were found to be arranged in 
linear order i.e., end to end, forming long pathways. The end walls of the sieve-tube 
members were oblique in A. cadamba and slightly oblique to transverse in M.indica. They 
possess compound sieve plates in both the species investigated. The compound and oblique 
sieve plates were also reported by Mahmood (2001) in E. officinalis and P. roxburghii. Like 
many other dicotyledons (Esau, 1965; Ghouse and Yunus, 1975; Iqbal, 1979; Khan, 1980; 
Fahn, 1982; Siddiqui, 1983; Khan, 1984; Ajmal, 1985; Kafeel, 1986, Mahmood, 2001), the 
lateral walls of these elements were also found to have numerous sieve areas through which 
lateral communication is maintained with contiguous elements. 
The sieve- tube members measured shorter than the fusiform initials in both the species 
investigated as has been reported in Pyrus malus (Evert, 1963b); Psidium guajava (Khan, 
1977); Prosopis spicigera (Iqbal and Ghouse, 1979); Callstemon citrinus. Eucalyptus 
maculata and Eugenia jambolana (Khan, 1980); Ficus infectoria and F.religiosa 
(Siddiqui, 1983); Bombax malabaricum (Khan, 1984); Ficus rumphii and Sterbulus asper 
(Ajmal, 1985); Boerhavia species (Rajput and Rao, 1998); Jacaranda mimosaefolia, 
Pterospermum acerifolium and Terminalia arjuna (Khan,2001); A. venenata and A. 
neriifi)lia (Khan and Siddiqui, 2007c). 
The secondary phloem in both the species consists of two distinct zones differing in their 
structure and function viz., conducting and non-conducting. The conducting zone consists of 
active sieve-tube members, the axial and ray parenchyma and sclerenchyma, while in the 
non-conducting zone the sieve-tube members have been noticed to be completely absent or 
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in a deformed state. The inactive sieve-tube members in all the investigated species have 
been found loaded with definitive callose on their end walls as well as on lateral walls. 
Sooner or later the shape of the sieve elements gets changed due to the pressure created by 
the expansion of the adjacent of axial and ray parenchyma cells. More or less a similar 
tendency of deformation of sieve elements has been reported in other dicotyledons by 
Cheadle and Esau (1964) in Liriodendron, Khan (1977) in Psidium guajava, Ghouse and 
Hashmi (1979a) in Polyalthia longifolia and (1980) in Delonix regia, Khan (1980) in 
Callistemon citrinus, Eucalyptus maculata and Eugenia jambolana, Siddiqui (1983) in 
Ficus infectoria and Ficus religiosa and in Conifers (Abbe and Crafts, 1939). The non-
conducting sieve tubes are never found possessing tylosis- like proliferations of the axial 
parenchyma cells as reported in grape vine by Esau (1948). Although the ray parenchyma 
cells of non-conducting zone are comparatively larger in size than in conducting zone, the 
ray cells do not proliferate to the extent of forming wide wedges resembling dilated rays as 
has been observed by earlier workers (Chattaway, 1955d; Whitmore, 1962; Ghouse and 
Yunus, 1974c; Siddiqui 1983). 
The depth of conducting phloem is found to vary during a calendar year from 50-200|am in 
A. cadamba and 60-115^m in M. indica. These findings go with the general concept that the 
conducting phloem forms only a fraction of a millimeter (Lawton and Lawton, 1971; 
Lawton, 1972; Ghouse and Hashmi, 1976; Yunus, 1976; Ahmad et ai. 1977; Khan, 1977; 
Khan, 1980, Siddiqui, 1983, Khan, 1984). On the other hand Whitmore (1962) found the 
conducting phloem to be 5-6mm thick in Dipterocarpaceae. 
During different seasons the length and lumen size of sieve elements do not show any 
significant change in ail the species investigated. Similar observations have been recorded 
earlier by Munch (1943), Esau and Cheadle (1959), Evert et al., (1969); Tucker and Evert 
(1969), Lawton (1972); Khan (1977); Khan (1980); Siddiqui (1983) and Khan (1984). 
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Analysis of the sieve tube area of the conducting zone has revealed that it varies from 18-
29% in transverse plane. However, in some species of Tambourissa, it has been found by 
Den outer (1982) that axial system of conducting phloem is composed of 40% sieve 
elements. Crafts (1931, 1933) found about 17% and 23% of the phloem to be active in 
cucurbit stems and potato stolons respectively and considered one-fifth of the phloem to be 
engaged in translocation. Munch (1930, 1943) measured two-third of the phloem as active 
in some tree trunks. Later, Geiger et ai, (1969) and Evans et al., (1970) observed about 
30% of the phloem to be active in the sugar beet petioles and wheat peduncles respectively. 
However, Lawton and Canny (1970) and Canny (1973) considered two-third factor of 
Munch to be more appropriate to adopt for the purpose of calculations in specific mass 
transfer studies than Craft's one-fifth value. But the present findings do not agree with the 
earlier reports of Craft (1931, 1933) and it is suggested that before making any 
generalization regarding the phloem engaged in trans thorough survey has been suggested 
by Lawton, 1972; Grange and Peel, 1975; Khan, 1980; Siddiqui, 1983; Khan, 1984 and 
Ajmal, 1985. 
The average length of the sieve-tube members shows a gradual increase with increase in 
stem circumference in both the species which goes in agreement with the findings of Khan 
(1977) in Psidium guajava, Ajmal (1985) in Sterbulus asper, Trockenbrondth (1994) in Oak 
and Mahmood (2001) in A. scholaris. However, contrary to the above findings the length of 
sieve-tube member's first increases with the age and after declining for a distance, again 
increase near the base has been obtained by Siddiqui (1983) in Ficus infectoria and 
F.religiosa. Some workers like Yunus (1976), Iqbal and Ghouse (1977b), Iqbal (1979), 
Khan (1980), Ajmal (1985), Kafeel (1986) and Ajmal and Iqbal (1992) have reported size of 
sieve-tube members to increase with increasing age of the trunk, but suffers a slight decline 
in the basal region. Studies on the lumen size of sieve-tube members of investigated species 
Chapter S Discussion 132 
have revealed that radial diameter experiences a gradual increase with increasing girth of 
stem axis in A. cadamba and gets stabilized in M indica which is in concurrence with the 
reports of some earlier workers like Yunus (1976), Iqbal and Ghouse (1977b), Iqbal (1979), 
Khan (1980), Siddiqui (1983), Khan (1984), Ajmal (1985) and Kafeel (1986), Khan (2001). 
The tangential diameter has been found to increase with increasing age of the stem in A. 
cadamba and in M. indica after an initial increase, gets constant near the basal region which 
confirm the findings of earlier workers like Yunus (1976) in Dalbergia sissoo. Khan (1977) 
in Psidium guajava, Iqbal and Ghouse (1977b) in Prosopis spicigera. Khan (1980) in 
Callistemon citrinus. Eucalyptus maculata and Eugenia jambolana, Siddiqui (1983) in 
Ficus infectoria and F. religiosa. Khan (1984) in Bombax malabaricum, Ajmal (1985) in 
Sterbulus asper, Khan (2001) in J. mimosaefolia and P. acerfolium. 
Accumulation of starch in axial and ray parenchyma of conducting and non-conducting 
phloem has been found closely related to cambial activity. In both the investigated species, 
the cells showed poor accumulation or complete absence of starch during active phase of 
cambium as compared to the inactive phase. Studies on tannins has revealed that they 
accumulate only in M indica and are absent in A. cadamba. As far as trend of tannin 
accumulation is concerned, it follows more or less the same trend as it has been observed in 
case of starch. More or less similar trend has been reported by Khan (1980) in some 
Myrtaceae members and Siddiqui (1983) in some members of Moraceae. 
The length of phloem fibres has been found to increase from top to the base downwards i.e., 
the length at top is less as compared to length at base in both the species investigated. This 
goes in agreement with the findings of Khan (1984) in Bombax malabaricum, Ajmal (1985) 
in Sterbulus asper and Trockenbrondth (1994) in Oak and Populus species, Khan (2001) in 
Pterospermum acerifolium, Jacaranda mimosaefolia and Terminalia arjuna. Contrary to 
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this an initial increase in length of phloem fibres reaching a maximum and then a decline 
have been reported by Iqbal and Ghouse (1983) in Acacia nilotica and Prosopis spicigera, 
Ajmal and Iqbal (1992) in Ficiis rumphii. Width measurements of fibres showed a gradual 
increase from top towards the base in both the species. This goes in agreement Quilho et al., 
(2000) which reported a gradual increase in fibre width from top towards the base of the 
axis. The length and width measurements of phloem fibres during different seasons did not 
show any significant change as has also been reported by Khan, 1977; Khan, 1980; 
Siddiqui, 1983; Khan, 1984; Ajmal, 1985). 
5.4 Periodicity of Cambium 
The duration of the cambium activity is just the time during which a 'window' in the tree is 
open to receive and 'archive' environmental signals directly. During the rest of the year, 
environmental influences can only indirectly act on stem growth. The activity of vascular 
cambium is not uniform throughout the year and determined by the interaction of internal 
and external factors (Larson, 1994; Iqbal, 1994; Grotta et al, 2005). It is well known fact 
that environmental changes and genetic constitution of plants are closely associated with the 
sequence of growth and dormancy in many plants and periodicity of growth is more closely 
correlated with the seasonal changes in temperate regions than in tropics (Philipson et al, 
1971). The cambial activity is more prolonged in tropical than in temperate conditions 
where growth hardly exceeds a few months. In tropical species the radial growth continues 
either throughout the year as reported for Acacia cyanophylla, A. tortilis and Tamarix 
articulata (Fahn, 1982) and Mangifera indica (Dave and Rao, 1982a) or for major part of 
the year as in certain Indian as well as exotic trees (Chowdhury, 1940, 1968, 1969; Lu and 
Chiang, 1975; Chiang, 1976; Ghouse and Hashmi, 1979b; Dave and Rao, 1982b; Iqbal and 
Ghouse, 1985a, b). But Paliwal and Prasad (1970) and Paliwal et al, (1975) have shown the 
growth period in Dalbergia sissoo and Polyalthia longifolia respectively to be as short as in 
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some temperate species. Information on cambiai activity of temperate species with definite 
seasonal climates is enormous (Bailey, 1920; Bannan, 1955, 1962; Esau, 1965; Kozlowski, 
1971; Philipson et al, 1971 Antonova, 1996; Antonova and Stasova, 1997; Rensing and 
Samuel, 2004) but it is certainly meager with regard to tropical trees (Iqbal and Ghouse, 
1985a; Iqbal, 1990; Khan; 2001; Mahmood, 2001; Rao and Rajput, 2001a, b). 
Present studies on the A. cadamba and M. indica revealed that instead of continuous 
growth, the cambium follows a periodic activity as has been reported by earlier workers in 
some other tropical species of Indian sub-continent. (Chowdhury, 1939, 1940,1957,1968, 
1969; Chowdhury and Tondon,1950; Paliwal and Prasad, 1970; Paliwal et al, 1975; 
Yunus,1976; Iqbal,1979; Khan,1980; Siddiqui,1983; Khan,1984; Ajmal,1985; Kafeel,1986; 
Zhang eM/., 1992,1994, 1997; Priya and Bhat, 1999; Khan, 2001; Mahmood, 2001). 
Several criteria have been employed in the past to judge the initiation and the duration of 
cambiai activity in tropical as well as in the different temperate species. It was Priestly et 
al, (1933) who have demonstrated for the first time, the case with which the bark separate-^ 
itself from wood of a tree trunk during the active period, a phenomenon what they named as 
"slippage of the bark". Subsequent workers later employed several other criteria to 
recognize the reactivation of cambium after its winter dormancy. Some of the important 
findings in this connection are Wight (1933), (Chowdhury (1939), Wareing and Roberts 
(1956), Wilcox (1962), Evert (1963a), Waisei and Fahn (1965a,b), Srivastava and O'Brein 
(1966), Mahmood (1968), Robards and Kidwai (1969), Fahn (1974), Tsuda (1975), 
Farooqui and Robards (1979), Ghouse and Hashmi (1979b), Iqbal (1979), Catesson 
(1980a.b), Khan (1980), Dave and Rao (1982a,b), Rao and Dave (1983a, b), Siddiqui 
(1983), Khan (1984), Ajmal (1985), Kafeel (1986). 
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In the present study, however, a number of criteria have been used in combination while 
studying periodicity of cambium. The initiation of cambial reactivation has been taken from 
the time of radial expansion of cambial initials, but the activity of cambium has been 
counted from the actual cell division and not from the date of histochemical changes or 
physical expansion of initials. The cessation of activity has been taken by closing of cell 
division which normally precedes the histochemical changes in the initials. 
The vascular cambium in both the investigated species, after dormancy, undergoes 
reactivation once in a year. The first sign of reactivation is increase in size of cambial 
initials in the radial direction. This phenomenon has been described as "Swelling" of the 
cambial cells by some earlier workers (Chowdhury, 1969; Yunus, 1976; Khan, 1977; 
Ghouse and Hashmi, 1979b; Iqbal, 1979; Khan, 1980; Siddiqui, 1983; Khan, 1984; Ajmal, 
1985; Kafeel, 1986; Ajmal and Iqbal, 1987; Rao et ai, 1996; Mahmood, 2001; Khan, 2001). 
The cells in the cambial zone undergo radial expansion in last week of February in A. 
cadamba and in third week of April in M. indica. 
After swelling phenomenon, the cell divisions start within two weeks in the cambial zone 
which in turn is followed by number of histochemical changes in the initials. A decrease in 
density of cell protoplast, coupled with loss of chromaticity and the leaning of cell wall as a 
result of reduction in wall thickening and in the size of beaded structure of radial walls, a 
decrease in the amount of tanniferous substances and starch in ray cells happen to be some 
obvious changes that occurs in the initials following the cell division with the exception of 
A. cadamba where tannins were absent. More or less similar changes in the nature and 
structure of cambial initials have been described by Derr and Evert (1967), Tucker and 
Evert (1969), Yunus (1976), Ghouse and Hashmi (1979b), Iqbal (1979), Khan (1980), 
Siddiqui (1983), Khan (1984), Cui et al, (1995). The cambial activity has been noticed to 
initiate cell division in first week of March in A. cadamba, when maximum temperature 
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ranges from 16-22°C and in first week of May in M indica when maximum temperature 
ranges from 3]-33°C during tlie three calendar year as has been reported earlier by 
Chowdhuty (1969) in temperate and tropical trees, Ghouse and Hashmi (1979a, 1980) in 
Polyalthia longifolia and Delonix regia, Ajmal (1985) in Sterbulus asper and Paliwal and 
Paliwal (1992) in Rhododendron arboreum. 
The cessation of cambial activity occurs in September in A. cadamba and in November in 
M. indica. Thus it appears that in both the investigated species, fall in temperature brings 
down the dormancy as reported earlier by Rao and Dave (1981) in Tectona grandis, 
Siddiqui (1983) in Ficus infectoria and Ficus religiosa, Ghouse and Hashmi (1983) in 
Mimusops elengi. Khan (1984) in Bombax malabarium, Paliwal and Paliwal (1992) in 
Rhododendron arboreum. Contrary to this, Khan (1980) has reported that in Eucalyptus 
maculata, the fall in temperature do not impede the activity of cambium but appeared to 
improve it which continued up to March. 
The cambium remains active for about 6 months in both the investigated species. Similar 
prolonged duration of radial growth has been reported earlier by Amos et al, (1950), 
Chowdhury (1968), Yunus (1976), Khan (1977), Iqbal (1979), Khan (1980), Siddiqui 
(1983), Khan (1984), Khan (2001) and Mahmood (2001). However, Paliwal and Prasad 
(1970) and Paliwal et al., (1975) have reported short duration of about 3 to 4months to be 
the active period of radial growth. In Israel, Fahn (1962) and Fahn et al, (1981) classified 
trees and shrubs on the basis of their cambial activity and found the cambial activity lasts 
for the duration of about 4 months in Zygophllum dumosum, Quercus ithaburensis and 
Crataegus azarolus. 
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5.5 Xylem and Phloem Production 
" In the presently investigated species, the xylem and phloem production shows considerable 
variation with time and duration. In A. cadamba, the newly produced derivatives first 
differentiate into xylary elements in the month of March adding about 270nm xylem to the 
plant axis. The phloem production occurs in the months of April and May. The amount of 
phloem added is about 1 SO^m and 200|im in respective months thus the xylem production 
precedes that of phloem in A. cadamba. Similar situation of xylem and phloem formation 
has been reported by earlier workers in a number of tropical and temperate forms both with 
the deciduous and evergreen habits as reported by Elliott (1935) in Acer pseudoplatanus, 
Artschwager (1945) in Parthenium argentatum, Fraser (1952) in some forest trees in 
Ontario, Bannan (1953) in Thuja occidentalis. Khan (1977) in Psidium guajava, Khan 
(1980) in Callistemon citrinus, Eucalyptus maculata and Eugenia jambolana, Siddiqui 
(]983) in Ficus wfectoria, Rao et al, (] 996) in Bombax ceiba, Mahmood (2001) in Alstonia 
scholaris and Putranjiva roxburghii, Khan (2001) in Jacaranda mimosaefolia and 
Terminalia arjuna, Rao and Rajput (2001 b) in Azadirachta indica. 
In the second species i.e., M. indica, the newly produced derivatives first differentiate in to 
phloem in the last week of April adding about 60nm of phloem and about 120^m is added 
in May. Again in November and December about %Q and 115|im of new phloem is added in 
the respective months. The xylem production starts in May where approximately 70|im of 
new xylary elements are produced. A similar situation where phloem production precedes 
that of xylem has been reported by Esau (1948) in Vitis vinifera. Evert (I960) in Pyrus 
communis, Evert (1963a) in Pyrus malus, Alfieri and Ev'ert (1968) in Pinus banksiana, P. 
resinosa and P. strobus, Davis and Evert (1968) in Populus tremuloides. Tucker and Evert 
(1969) in Acer negundo, Chiang (1976) in Isoetes taiwanensis, Yunus (1976) in Dalbergia 
sissoo, Iqbal (1979) in Acacia nilotica and Prosopis spicigera, Rao and Dave (1984) in 
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Holoptelea integrifolia, Ajmal and Iqbal (1987) in Ficus rumphii, Paliwal and Paliwal 
(1992) in Rhododendron arhoreum, Alfieri and Romelle (1993) in Juniperus californica. 
The present study has revealed that the quantum of xylem produced is substantially higher 
than phloem in both the species investigated. Similar observations have been reported by the 
earlier workers viz., Waisel et al., (1966) in Eucalyptus camaldulensis, Yunus (1976) in 
Dalbergia sissoo, Iqbal (1979) in Acacia nilotica and Prosopis spicigera. Khan (1980) in 
Callistemon citrinus, Eugenia jambolana and Eucalyptus maculata, Mahmood (2001) in 
Alstonia scholahs, Putranjiva roxburghii and Emblica officinalis. Khan (2001) in 
Jacaranda mimosaefolia, Terminalia arjuna and Pterospermum acerifolium. In the present 
study, the ratio of xylem produced to that of phloem was found to be 2.4:1 in A. cadamba 
and 4.2:1 in M. indica. A similar pattern of xylem and phloem ratio was reported by 
Mahmood (2001) in Alstonia scholaris, Emblica officinalis and Putranjiva roxburghii. 
Contrary to this Khan (1977) has reported phloem to be produced twice the amount of 
xylem in Psidium guajava. However, in none of the species investigated at present, the ratio 
of xylem and phloem comes as high as 14:1 or 15:1 as has been reported by Wilson (1963) 
m Abies concolor and by Bannan (1955) in Thuja occidentalis. 
5.6 Longevity of Phloem 
In most of the dicotyledons, the functioning part of the phloem is restricted to that of 
secondary phloem, which is produced in the last growth season. Sometimes, before the 
cambium begins to produce new phloem, all or most of the sieve elements produced in the 
previous season cease to function (Fahn, 1982). However in some plants e.g: Tilia, the sieve 
tubes remains active for a number of years and no changes have been observed to take place 
during the winter (Evert, 1962). In Vitis, the phloem was observed to be active for two 
seasons, but unlike Tilia, Vitis lays down thick layers of callose with the onset of winter 
.These layers are subsequently reabsorbed in the spring before the renewal of cambial 
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activity (Esau, 1948; Bernstein and Fahn, 1960). In Fraxinus americana, the non-functional 
sieve tubes of the previous year are reactivated in spring and remain functional during the 
period, when the buds develop and the young leaves grow (Zamski and Zimmerman, 1979). 
It should be mentioned that in plants with included phloem, e.g., Bougainvillea and the 
woody species of Chenopodiaceae, the phloem strands remain active for many years (Fahn 
and Shchori, 1967). In Hevea brasiliensis, planted on Hainan Island (China), the sieve 
elements function for one and a half year to two years (Wu and Hao, 1986). However, in 
majority of plants, the phloem becomes non-functional in the same season in which it is 
produced (Esau, 1945, 1965; Artschwager, 1950; Evert, 1960, 1963a; Davis and Evert, 
1970; Lawton, 1972; Khan, 1977; Ghouse and Hashmi, 1979a, 1980, Khan, 1980; Fahn, 
1982; Siddiqui, 1983; Khan, 1984). In the present investigation also, the sieve-tube 
members were found to become non-functional in the same season in which they are 
produced due to accumulation of thick layers of callose which covers the sieve plates and 
lateral sieve areas. Similar inactivation of sieve elements by callose plugging has also been 
reported by Alfieri et al., (1983), Deshpande and Rajendrababu, (1985), Rao et al, (1996). 
In A. cadamba phloem differentiation occurs once in a year i.e. in April and May and in the 
other species i.e. M indica, it occurs twice in a calendar year first in April, May and then in 
November and December. Similar production of phloem, twice in a year has been reported 
by Khan (1977) in Psidium guajava and by Mahmood (2001) in Putranjiva roxburghii. 
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The present study on the structure and behaviour of vascular cambium and its derivative 
tissues- the food conducting (secondary phloem) and the water conducting (secondary 
xylem) pathways has been undertaken in relation to different weather conditions of the 
study site and age of the selected trees {Anthocephalus cadamba and Madhuca indica) for 
three consecutive years (2005, 2006 & 2007). The findings are summarized as follows: 
The plant A cadamba (Common bur-flower) belongs to family Rubiaceae is a large tree 
with a broad crown and straight cylindrical bole. It is found in moist, warm type of 
deciduous and evergreen forests. On the other side, M. indica (Butter tree) belongs to family 
Sapotaceae is a medium-sized to large deciduous tree, usually with a short bole and large 
rounded crown. It is found in mixed deciduous forests. 
The study was carried out in Aligarh district of Uttar Pradesh province, which is situated at 
a distance of about 126km from India's capital New Delhi. The Aligarh district spreads 
from 27°88'N latitude to 78°08'E longitude at an elevation of 178m. The greatest width 
from west to east is about 116km and the maximum length from north to south is about 
72km and forms part of the fertile Ganga-Yamuna 'Doab'. Aligarh experiences tropical 
monsoon climate characterized by two extreme conditions of severe cold in winter and 
oppressive heat in summer with a rainy season in between. 
To study the cambial activity and production of secondary phloem and xylem, 24 normal 40 
year old trees of each species were selected from the local plantation, at fortnightly for the 
period of three consecutive years (2005, 2006 & 2007). To follow the seasonal and 
developmental changes in structure, samples were sectioned on a Reichert's sliding 
microtome, at a thickness of 12-20|im in transverse, tangential and radial longitudinal 
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planes. Sections obtained were stained in different combinations of stains and mounted in 
Canada balsam after dehydration in ethanol series. The observations recorded on various 
parameters were then subjected to statistical analysis. Photomicrography was done with the 
help of Olympus clinical microscope (CH20/) and Olympus camedia digital camera (C-50 
50 zoom). 
The vascular cambium consists of fusiform and ray initials and forms a continuous cylinder 
between xylem and phloem. The cambium is non-stratified type in both the species. The 
length of fusiform initials vary from 300-950|im in A. cadamba and from 360-862|im in 
M indica while their width vary from 18-58|im in A. cadamba and 20-50|im in M. indica. 
The Gambia! make up exhibits variations in their dimensions under different weather 
conditions as well as in different age groups of both the species investigated. In^. cadamba, 
the fusiform initials are noted to be shorter in younger shoots than in older ones, while in 
M. indica, the length of fusiform initials increases with increase in diameter of the stem axis. 
Changes in the size of ray initials of the species investigated do not follow any particular 
trend but they undergo greater multiplication. Relative abundance of the cambial rays of 
diverse width and height varies with age of the meristem. As a consequence, the ray initials 
occupy a relatively greater area in the cambial cylinder of the main trunks as compared to 
younger shoots. The ray initials were generally found impregnated with varying amount of 
starch in both the species but tannins were noticed only in M. indica. 
The wood in both the species is diffuse-porous with pores soiitary or in radial multiples of 
2-4 cells are more frequent in A. cadamba but arranged in loose radial or dendritic pattern 
and often in multiples of 2-3 cells in M. indica. 
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The average vessel length shows a gradual irxrease from top towards the base in A. 
cadamba (400.24-428.98|im) as well as in M indica (449.46-503.38^m). The radial 
diameter reveals a gradual increase with increasing girth in A. cadamba, while in M. indica 
it shows a steady increase and attains constancy near the base. The tangential diameter does 
not show any trend in A. cadamba but in M indica it increases with age and then declines 
near the base. The average length of vessels has been found to vary from 425.20-686.62|im 
in A. cadamba and from 398.30-680.14|im in M. indica as a consequence of seasonal 
influence. 
Observations on the xylem fibres indicate a positive increase with the growing size of the 
trunk and their average length varies from 917.75-1104.09^m in A. cadamba and from 
897.67-1244.83|im in M. indica but they do not show any significant variation in relation to 
seasonal changes. 
The amount of starch in the axial and horizontal system of wood decreases during active 
phase of cambium in the species investigated. Almost similar trend has been followed by 
tannins in M. indica. 
The sieve-tube members possess oblique sieve plates in A. cadamba and slightly oblique to 
transverse in M.indica. The average length of sieve-tube members varies from 343.88-
507.80)jm in^. cadamba and from 244.55-422.22]im in M. indica during different seasons. 
The average radial and tangential diameters vary from 21.53/27.00-26.06/35.06^m in A. 
cadamba and from 18.56/23.93-22.47/32.98|im in M. indica. They occupy about 29% 
transectional area in A. cadamba and 18% in M. indica. 
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The length of sieve-tube members shows a corresponding increase with the increase in the 
stem circumference in A. cadamba, while in M. indica after an initial increase, it declines a 
bit and then increases with the increase in stem circumference. Studies on the lumen size of 
sieve-tube members have revealed that the radial and tangential diameter also increases 
from top towards Ihe base of the stem axis in both the species. 
The phloem fibres are distributed throughout the secondary phloem and impart a 
characteristics look to the bark. They grow in length about 1.87 and 2.10 times over the 
length of their mother initials in A. cadamba and M indica respectively. 
The phloem rays have been found to vary in height from 1-42 cells in A. cadamba and 1-39 
cells in M. indica, while their width varies from 1-5 cells and 1-4 ceils respectively. 
Accumulation of starch and tanniferous substances in the conducting phloem has been 
found closely related to the cambial activity. In both the species, the cells show poor 
accumulation or complete absence of starch during the active phase of cambium. Studies on 
tannins have revealed that they accumulate only in M. indica. 
Similar studies on starch contents in both the ray as well as axial parenchyma of non 
conducting phloem have shown that the frequency of accumulation fluctuates from month to 
month in both the species. In case of tanniferous contents, the M. indica follow the same 
path of their occurrence as it has been found in case of starch. 
The vascular cambium undergoes activation once in a year in both the species investigated. 
The cells in the cambial zone undergo radial expansion in the late February in A. cadamba 
and in late April in M. indica. The cell starts dividing in early March in A. cadamba and in 
early May in M. indica. Dormancy is attained during September in A cadamba and during 
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November in M. indica. Thus, the cambium remains active for about six months in both the 
species. 
In both the species investigated, xylem production precedes with that of phloem production. 
The total amount of xylem produced is about 840|a.m in A. cadamba and 1600|am in M. 
indica, while the total phloem production is about SSO i^m in A. cadamba and 375(im in M. 
indica during a calendar year. The phloem formation occurs in April and May in A. 
cadamba and in M. indica, phloem production occur in two flushes, first in the month of 
April, May and then in November, December. 
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PLATE-I 
Photomicrographs of cambial strips of A. cadamba 
A: T.L.S. dormant cambium showing non-storied nature at 125 x. 
B: T.L.S. cambium showing non-storied nature at 250 x. 
C: T.L.S. dormant cambium showing beaded radial walls of fusiform initials and 
pseudotransverse division at 125 x. 
D: T.L.S. cambium showing slightly beaded radial walls of fusiform initials, transverse 
septation of fusiform intials and lateral fusion of rays at 125 x. 
^ PLATE I 
PLATE-II 
Photomicrographs of cambial strips of M indica 
A: T.L.S. dormant cambium showing non-storied nature and formation of ray by lateral 
segmentation at 125 x. 
B: T.L.S. dormant cambium showing beaded radial walls of fusiform initials with rich 
deposits of tannins at 400 x. 
C: T.L.S. showing beginning of splitting of ray by intrusion of fusiform initial and formation 
of bicelled ray by lateral segmentation at 300 x. 
D: T.L.S. cambium showing slightly beaded radial walls of fusiform initials and also 
formation of terminal ray initial cells and lateral fusion of rays at 250 x. 
PLATE K 
PLATE- III 
Photomicrographs of cambial strips of A. cadamba 
A: T.L.S. active cambium showing uniseriate, biseriate and multiseriate rays, lateral 
segmentation and also pseudotransverse division at 250 x. 
B: T.L.S. cambium showing formation of bicelled ray by lateral segmentation from a 
fusiform initial at 400 x. 
C: T.L.S. cambium showing splitting of rays at 250 x. 
D: T.L.S. active cambium showing formation of terminal ray initial cell at 250 x. 
PLATE MI 
PLATE-IV 
Photomicrographs of cambial strips ofM indica 
A: T.L.S. cambium showing pseudotransverse wall formation and transverse segmentation of 
fusiform initial at 400 x. 
B: T.L.S. cambium showing terminal fusion and lateral fusion of rays at 250 x. 
C: T.L.S. cambium showing splitting of ray at 400 x. 




Photomicrographs of cambial strips of A. cadamba 
A: T.L.S. cambium showing pseudotransverse division at 250 x. 
B: T.L.S. cambium showing terminal ray initial cell formation at 250 x. 
C: T.L.S. cambium showing rays of different height and width at 250 x. 
D. T.L.S. dormant cambium at 400 x. 
PLATE V 
PLATE-VI 
Photomicrographs of cambial strips of M indica 
A: T.L.S. cambium showing lateral merger of rays and also formation of lateral bicelled new 
ray at 250 x. 
B: T.L.S. cambium showing splitting of ray by conversion of ray initial to fusiform initial at 
250 X. 
C: T.L.S. cambium showing lateral merger of many rays and having rich deposits of tannins 
at 250 X. 
D: T.L.S. cambium showing pseudotransverse divisions in fusiform initials at 250 x. 
PLATE VI 
PLATE- VII 
Photomicrographs of wood samples of A. cadamba 
A: T.L.S. showing arrangement of vessel elements, xylem rays, axial parenchyma and xylem 
sclerenchyma at 125 x. 
B: T.L.S. showing overcrowded bordered pits on lateral walls of vessel elements at 250 x. 
C: T.L.S. showing vessel with typical scalariform bordered pits and slightly oblique end walls 
at 250 x. 
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PLATE-VIII 
Photomicrographs of wood samples of M. indica 
A: T.L.S. showing uni, bi and multiseriate rays and other xylem components at 125 x. 
B: T.L.S. showing bordered pits on lateral wall of vessels at 250 x. 
C: T.S. of xylem showing arrangement of rays, xylem parenchyma, xylem sclerenchyma and 
young tyloses in vessels at 125 x. 
D: R.L.S. showing heterogenous rays at 125 x. 
PLATE VIII 
PLATE- IX 
Photomicrographs of wood samples of A. cadamba 
A- T.L.S. showing vessels and occasionally lateral merger of ray units at 125 x. 
B: T.L.S. showing arrangement of vessel elements and different type of rays at 250 x. 
C: R.L.S. showing heterogenous rays and arrangement of vessel elements at 125 x. 
D: R.L.S. showing heterogenous rays at 125 x. 
PLATE IX 
PLATE-X 
Photomicrographs of wood samples of M indica 
A: T.S. showing distribution of xylem components at 125 x. 
B: T.S. of wood showing another view of xylem components at 125 x. 
C: T.S. of xylem showing vessel clusters at 125 x. 
D: T.S. of xylem showing tylosed vessels at 125 x. 
PLATE X 
PLATE- XI 
Photomicrographs of wood samples of A. cadamba 
A: T.S. showing distribution of vessels, rays, sclerenchyma and apotracheal parenchyma at 
125 X. 
B: T.S. showing radial and solitary multiples of vessels and other xylem components at 125 
X. 
C: T.S. showing vessel clusters at 125 x. 
D: T.L.S. showing scalariform bordered pits on lateral walls at 125 x. 
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PLATE-XII 
Photomicrographs of bark samples of M indica 
A: T.L.S. of non-conducting phloem at 125 x. 
B: Same at 400 x. 
C: T.L.S showing sieve-tube members with oblique end walls at 400 x. 
D: T.L.S. showing sieve-tube with one companion cells at 400 x. 
PLATE XII 
PLATE- XIII 
Photomicrographs of bark samples of A. cadamba 
A: T.S. of non-conducting phloem at 125x. 
B: Same at 400 X. 
C: T.S. showing non-conducting phloem and clusters of sieve areas on lateral walls at 400 x. 
D: T.L.S. conducting phloem showing slightly oblique sieve plates at 125 x. 
PLATE XIII 
PLATE-XIV 
Photomicrographs of bark samples of M indica 
A: T.S. showing non-conducting phloem at 125 x. 
B: T.L.S. showing arrangement of sieve-tube members, different types of phloem rays at 125 
X. 
C: T.L.S. showing sieve tube having lateral sieve areas at 250 x. 




Photomicrographs of bark samples of A. cadamba 
A: T.S. showing conducting phloem with sieve areas at 400 x. 
B: T.L.S. showing clusters of sieve areas at 250 x. 
C: T.L.S. showing compound sieve plates at 250 x. 
D: T.S. showing sieve plate (SP) in surface view of non-conducting region at 250 x. 
PLATE XV 
PLATE-XVI 
Photomicrographs of cambial zone and vascular derivatives of M. indica 
A: T.S. showing non-conducting phloem (NCP) at 125 x. 
B: T.S. showing secondary phloem, cambial zone and secondary xylem at 125 x. 
C & D: T.S. showing swelling of cambial zone (CZ) at 400 x. 
PLATE XVI 
PLATE- XVII 
Photomicrographs of cambial zone and vascular derivatives of A. cadamba 
A: T.S. showing dormant cambium with vessels at 400 x. 
B: T.S. showing cambial zone at (CZ) at 400 x. 
C: T.S. showing beginning of cambial activity at 125 x. 
D: T.S. showing swelling in cambial zone (CZ) at 400 x. 
PLATE XVII 
PLATE-XVIII 
Photomicrographs of cambial zones and vascular derivatives of M. indica 
A: T.S. showing active cambium and broadening of cambial zone (CZ) at 400 x. 
B: r.S. dormant cambium and narrow strip of conducting phloem at 400 x. 
C; T.S. showing new xylem (NX) at 125 x. 
D: T.S. showing new phloem (NP) at 400 x. 
PLATE XVIII 
PLATE- XIX 
Photomicrographs of cambial zone and vascular deriva»ives of A. cadamba 
A: T.S. of active cambium showing broad cambial zone (CZ) at 400 x. 
B: T.S. showing new xylem formation at 125 x. 
C: T.S. showing conducting phloem, cambial zone and newly developed phloem fibres at 125 
X. 
D: T.S. showing narrow strip of conducting phloem (CP) and newly developed xylem (NX) 
at 400 X. 
PLATE XIX 
